
chloride
units in mg/kg.

Number of Valid Data

Number of Distind Detecled Data

Raw Statbtics
Minimum Detected
Milimum Detected

Mean of Detec{ed
SD ot Deteded

Minimum Non-Deted
Maimum Non-Deted

Data have multiple DLs - Use of KM Method is re@mmended

all methods (except KM. DU2, and ROS Methods)'
< Largest ND are treated as NDs

Nomal Dlsltibution Test with Detected Values Only
ShaPiro wilk Test Statistic

50/6 ShaPio V\4lk CriticlValue
Data not Nomal at 5yo Signiticance Level

Assuming Nomal Distribution
OL/2 Substitution Method

Mean
SD

e5% DL/2 (t) UCL

Maimum Likelihood Estimate(MLE) Method

MLE metfiod falled to convelge prcp€dy

Gamma Disttibution Test with Detected Values Only
k star (bias @rected)

Theta Star
nu star

A-D Test Statistic
5% A-D Criticl Value

K-S Test Statistic
5% K-S Criti€lValue

Oata follow Appr Gamma Diskibution at 5% Significance Level

Assuming Gamma Distibtttion
Gamma ROS Statisti6 using Exttapolated Oata

Minimum
Maimum

Mean
Median

SD
k star

Theta star
Nu star

APPChi2

95% Gamma Apprcximate UCL (Us when n >= 40)

95% Ad.iusted Gamma UCL (Us when n < 40)

DU2 is not a recommended method.

Note: Suggestions regarding thc selection
These recommendations arc based uPon

Warning: There are only I Det*ted Values in this data

Note:ltshouldbenotcdthateventhoughbootstrapmaybeperfomedonthisdataset
the rcsulting calculations may not be reliable enough to draw Gonclusions

It is rccommended to have 10-15 or morc distinct obseruetions for accumte and meaningful results.

Number of Deteded Oata
Number of Non-Deted Data

Perent Non-Detecis

Log-transfomed Statistics
Minimum Detected
Maimum Deteded

Mean of Detected
SD of Detected

Minimum Non-Deteci
Mdimum Non-Oeted

Number treated as Non-Detecl
Number treated as Oelected

Single DL Non-Dete., Per@ntage

Lognomal DFtrlbution Test with Oetected Valu6 Only
Shapiro Wlk Test Statis{ic

5% ShaPiro Wilk CritielValue
Data app€ar Lognomal at 5% Signitlcance Level

Asuming Lognomal Distribution
DLz Substitution Method

Mean
SD

9s% H-Stat (Dtl2) UCL

Log ROS Method
Mean in Log Sele

SD in Log S€le
M€n in Original Scale

So in Original S€le
95% t UCL

95% Perentile Bootstrap UCL
950,6 BCA BmtstraP UCL

950/6 H-UCL

Data Distribirtion T€t wtth Det6ted Valu$ Only

Data Follow Appr Gamma Distribution at 5% Slgnificance Level

Nonpammettic S-tatistica
Kaplan-Meier (KM) Method

Mean
SO

SE of Mean
950,6 KM (t) UCL
95% KM (z) UCL

95% KM (iackknife) UCL
95% KM (bootstmp t) ucl

9506 KM (BCA) UCL

95% KM (Perentile BootstraP) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL
99% KM (Chebyshev) UCL

Genenl Statistica
61

7

0.00'13
o.371

0.0495
o.121

0.0018
0.35 -1

4.41

1.',11

001

0.00861

0 1't

0.o721

1.'l 1

0.00861

UCL Statistics

0.455
0.829

0.0145
o 0543
0.0261

N/A

0.0181

o.32
0.155
5.758

1.026
0.795
0.795
0.299

0_000001
0.371

0,00837
0.00000 1

o.0477
0.1 16

0.0719

of a 95% UCL are provided to help the usct to select the most appropriate 95% UCL'

the results ofthe simulation studies summarized in Singh, Maichle, and Le (2006)'

want to

RBR Consulting' hc.

APPENDIX B.3-1

STATISTICS FOR SURFACE SOIL - EASTERN AREA

Clean Harbo6 Kansas, LLC- wichita, Kansas
o

o
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o
RBR Consultiag, Inc.

APPENDIX B-3.1
STATISTICS FOR SURFACE SOIL. EASTERN AREA

Clean Harbo6 Kansas, LLC- Wichita, Kansas

o

o

units in mgftg.

Number of Valid Data
Number of Distinct Detected Data

Raw Statistica
Minimum Deteded
Maimum Detecled

Mean of Detecled
SD of Deteded

Minimum Non-Deted
Maimum Non-Deted

General Statistica
u
2

Number of Detecled Data
Number of Non-Detect Data

Percenl Non-Detecis

Log-tEnsfomed Statistica
Minimum Detected

Maximum Deteded
Mean of Detecled

SD of Deteded
Minimum Non-Detect

Maximum Non-Delect

Number treated as Non-Detecl
Number treated as Detecled

Single DL Non-Deted Perentage

Lognomal Distribution Test with Detected Values Only
Shapirc Wtk Tesl Statistic

506 Shapiro Witk CritietVatue
Data not Lognomal at S% Significance Level

Assuming Lognomal Oistibution
DL,/2 Substitution Method

Mean
SD

95% H-Stat (DL,f2) UCL

Log ROS Method
Mean in Log Scle

SD in Log S€te
Mean in Original S€le

SD in Originat S€te
950/6 t UCL

95% per@ntite Bootstrap UCL
95% BCA BootstEp UCL

95% H-UCL

Data Distribution Test wfth Detsted Valus Only
Data do not follow a Discemable Distibution (O.OS)

Nonparametric Statastics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95% KM (t) UCL
95% KM (z) UCL

95% KM Cackknife) UCL
95oi6 KM (bootstrap t) UCL

95% KM (BCA) UCL
950/6 KM (Perentite Bootstrap) UCL

95% KM (Chebyshev) UCL
97.50/6 KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

95% UCL.
Maichle, and Lee (2006).

94.

0.0455
o.141

0.0933
0.0675

0.16
o.22

-1
a

Data have multiple DLs - Use of KM Method is remmmended
all methods (ex@pt KM. DUz, and ROS Methods),

< Largest ND are treated as NDs

Nomal Distribution T6t with Detected Values Only
Shapiro Wtk Test Statistic

5% Shapiro Wtk CritiGt Vatue
Data not Nomal at 5% Significance Leyet

Assuming Nomal Distribution
OL/2 Substitution Method

Mean
SD

95% OU2 (t) UCL

Maimum Liketihood Estimate(MlE) Mehod
IULE me-thod falled to converge prcpeily

Gamma Distdbution Test with Detected Valu$ Only
k star (bias @reded)

Theta Star
nu slar

A-D Test Statistic
5% A-D Criticat Vatue

K-S Tesl Statistic
5% K-S Criticat Vatue

Data not Gamma Distributed at i% Significance Level

Waming: Data set has only 2 Distinct Detected Values.
_ This may not be adeqsate enough to compute meaningful and reliable test statistics and estimates.
The Project Team may decide to use aftemative site sp€cific value; to estimate environmental parameteE (e.g., EpC, Bw).

- 
Unles Data Quality obiectives (DOos) have been met, it is suggested to collect additional obseryations.

The number of detected data may not be adequate enough to perfom GoF tests, bootstrap, and Ros methods.
Those methods will retum a ,N/A, value on your output disptay!

It i3 necessary to have 4 or more Distinct Values for booGtrap methods.
However, results obtained using 4 to 9 distinct values may noi be reliable.

It is rccommended to have 10 to 15 or morc obseruations for accurate and meaningful rcsulls and esumates.

UCL Statistics

N/A
N/A N/A

N/A

0.0878
0.0139
0.0919

0.

NiA

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Assuming Gamma Distribution
Gamma ROS Statistic using ExtEpotated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta sfiar

Nu star
AppChi2

95% Gamma Apprcximate UCL (Use when n >= 40)
95% Adjusted Gamma UCL (Use when n < 40)

Waming: Recommended UCL exceeds the maximum observation
DU2 is not a recommended method.

Note: Suggestions regarding the selection 950/6 ucL are provided help user to select the most appropriateof to the
These recommendations are based upon the results ot the stmulation summarized Singh,studies

N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A

ol
0.

0.

o.141
N/A
0.301
0.391

ln
to
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Risk Based Remedies

RBR Consulting' Inc.

APPENDIX 8.3.1

STATISTICS FOR SURFACE SOIL. EASTERN AREA

Clean Harbors Kansas, LLc- wichita' Kansas
o

o

o

unlts in mgikg.

Numbar of Valid Data

Number of Dislinct Detecled Data

Raw Statbtics
Minimum Deteded
Maimum Detected

Mean of Detecl€d
SO of Detected

Minimum Non-Deted
Maximum Non-Deted

Data have multiple DLs - Use of KM Method is reommended

all methods (except KM, DU2, and ROS Methods)'
< Largest ND are treated as NDs

Nomal Disfibution Test with Detec{ed Values Only
Shapiro Wilk Test Statistic

5% Shapim Wlk Cnti@lValue
Data not Nomal at 5% Significance Level

Assuming Nomal Distribution
DL/2 Substitution Method

Mean
SD

e5% DL./2 (t) UCL

Milimum Likelih@d Estimate(MLE) Method

tLE method failed to converge prcperly

camma Distrlbution Test with Detected Values Only
k star (bias @reded)

Theta Stat
nu star

A-D Test Statistic
5% A-D Criti€l Value

K-S Test Statistic
50/6 K-S Criti€l Value

Date not Gamma Distributed at 5% Significance LeYel

Assuming Gamma Disttibution
Gamma ROS Statisti6 using ExtEpolated Oata

Minimum
Mdimum

Mean
Median

SD
k star

Theta star
Nu star

APPChi2

95% Gamma Approximate UCL (Use wfien n >= 40)

95oi6 Ad.iusted Gamma UCL (Use when n < 40)

Note: DU2 is not a recommended method.

Note: Suggestions regarding the selection
These recommendations ale based upon

Lognomal Distribution Test with Detected Valu6 Only
ShaPiro VMlk Tesl Statistic

5% Shapirc Wlk Cnt@l Value

Data not Lognomal at 5% Significance Level

Geneml Statbtics
43
15

1.1

43.2
6.888
9.565

1.6
7.6

Number of Detested Data
Number of Non-Deted Data

Pe@nt Non-Detecls

Log-transfomed Statistics
Minimum Detected
Maximum Deteded

Mean of Detecled
SD of Deteded

Minimum Non-Detecl
Mdimum Non-Deted

Number treated as Non-Detecl
Number treated as Deleded

Single OL Non-Deted Percentage

Asuming Lognomal Dlsttibution
DL/2 Substitution Method

Mean
SD

95% H-Stat (DU2) UCL

Log ROS Method
Mean in Log S€le

SD in Log S€le
Mean in Original Scale

SD in Original Scale
95% t UCL

95% Perentile B@ts1BP UCL
95% BCA BmtstEp ucl

95% H-UCL

Data DisEibution TeBt with Detcted Valu6 Only
Data do not follow a Dlscemable Distributon (0'05)

Nonpanmetric Staff stica
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
950/6 KM (t) UCL
95% r\M (z) UCL

95% KM (jackknife) UCL
950,6 KM (bootstEP t) UCL

95% KM (BCA) UCL

95% KM (Perentile BmtstEP) UCL

95% KM (Chebyshev) UCL

97.5% KM (Chabyshev) UCL

99% KM (Chebyshev) UCL

3.

1.

UCL Statistica

o.457
0.892

3.38'l
6.578
5.069

N/A

0

1.202
5.731
40.86

1.429
o.757
o.757
o.2'13

0.000001
43.2

2.67
0.000001

6.777
0.116

5.

6 3'l

5.511

5.

5.

7

7.303
7.557

of a 95% UCL are provided to help the user to select the most aPproPriate 95'6 UCL'

the resutts ol the samutation studies summarized in Singh, l'aichle, and Lee (2006)'

want to
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Risk Based Remedies

RBR Consulting, [nc.

APPENDIX 8.3.1
STATISTICS FOR SURFACE SOIL - EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

units in mgftg.

Number of Valid Data
Number of Oistinct Detecied Data

Raw Strtistics
Minimum Detecled
Mdimum Detected

Mean of Detecied
SD of Deteded

Minimum Non-Deted
Maimum Non-Deted

Data have multiple DLs - Use of KM Method is reemmended
all methods (except KM, DU2, and ROS Methods),

< Largest ND are treated as NDs

Nomal Distrlbution TBt with Detected Values Only
Shapiro \Mtk Test Statistic

50/6 Shapiro VMtk Critj€tVatue
Data not Nomal at 5% Significance Leve!

Assuming Nomal Dbtibution
DL/2 Substitution Method

Mean
SD

950/6 DU2 (t) UCL

Maimum Likelih@d Estimate(MLE) Method
MLE ylelds a negative mean

Gamma Distribution Test with Detected Valu6 Only
k star (bias @treded)

Theta Star
nu star

A-D Test Statistic
5% A-D Criticat Vatue

K-S Test Statistic
50/6 K-S CritimlVatue

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statisti6 using ExtEpolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95016 Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended msthod.

General Statlstics
44
22

2_A

1710
245

418.3

5.1

Number of Detected Data
Number of Non-Deted Data

Percent Non-Oetects

Log-tEnsfomed Statisfi cs
Minimum Deteded

Maximum Detecled
Mean of Detected

SO of Detected
Minimum Non-Detecl

Maximum Non-Detect

Number treated as Non-Detecl
Number feated as Deteded

Single DL Non-Deted Perentage

Lognormal DBtributaon T6t with Detected Values Only
Shapiro Witk Test Statistic

50/6 Shapirc Vvitk CnlictValue
Data appear Lognomal at 5% Significance Level

Assuming Lognomal Distribution
D[./2 Substitution Method

Mean
SD

95% H-Stat (oU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log S€te
Mean in Original Scale

SD in Originat S€te
95% t UCL

95% percentjte BootstEp UCL
95oi5 BCA BootstEp UCL

950/6 H-UCL

Data Dishibution Test with Detected Values Only
Data appear Lognormal at 5% Significance Leyel

Nonpammetric Statlsti6

SE of Mean
950/5 KM (t) UCL
95on KM (z) UCL

9506 KM (iackknife) UCL
950/6 KM (bootstrap t) UCL

95% KM (BCA) UCL
950/6 KM (Perentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) ucL

Potential UCLS to lrse
99% KM (Chebyshev) UCL

21
47

7

2.11
't.

UCL Statistics

0.641
0.914

129
323.4

211
2.1

419.1

2.1

N/A

0.98

21

21

0.369
663.7
16.98

0.1

0.000001
.1710

128.1

2.85
323.8

0.0965
1327

8.496
3.025
359.7
373.3

21

21

211
287

61

437

Note: Suggestions regarding of the user to select the most appropriate 950/6 UCL-the selection a 950/. UCL are provided help
These recommendations ate based upon the results of the simulation studies summarized tn Singh, Maichle, (2006).and Lee

For wa nt
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Risk Based Remedies

RBR Coosultiag, Inc.

APPENDIX 8.3-2

STATISTICS FOR SURFACE AND SUBSURFACE SOIL - EASTERN AREA

Clean Harbors Kansas, LLC' Wichita' Kansas
o

o

UCL

units in mg/kg.

Number of Valid Oata

Numbor of Distinct Delected Data

Raw Statis66
Minimum Detecled
Maimum Delecled

Mean of Detesled
SD of Detected

Minimum Non-Detst
Maimum Non-Detect

Data have multiple DLs - Use of KM Method is remmmended

all methods (ex@pt KM, DU2. and ROS Methods),
< Largest ND are treated as NDs

Normal Distribution Test with Deteted Values Only
Shapiro Wllk Test Statistic

5% ShaPiro Vvilk Criti€lValue
Data not Normal at 5% SignifiGance Level

Assuming Nomal Distributon
DU2 Substitution Method

Mean
SO

gson DU2 (t) UCL

Maimum Likelihood Estimate(MLE) Method

MLE yields a negative mean

Gamma Distibution Test with Detected Vdu6 Only
k star (bias @recled)

Thela Star
nu slar

A-D Test Statistic
50 A-D Criti€lvalue

K-S Test Statistic
50/6 K-S Criti€lValue

Data not Gamma Distributed at syo Significance Level

Assuming Gamma Distribution
Gamma ROS Statisti6 using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

Appchp
95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (U* when n < 40)

DU2 is not a recommended method.

Note: Suggestions regarding the sslection
These recommendations are based uPon

General Statistica
't52
25

Number of Det*ted Data

Number of Non-Detect Data
Percent Non-Detec{s

Log-transfmed StatistG
Minimum Detecled
Maimum Detecled

Mean of Detected
SD of Detected

Minimum Non-Detecl
Maximum Non-Detecl

Number treated as Non-Deted
Numbsr treated as Detecled

Single DL Non-Detecl Per@ntage

Lognormal Diskibution Test with Deteted Values Only
ShaPiro Vvilk Test Statistic

50/6 ShaPiro Wilk CntiGlValue
Data appear Lognormal at 5% Signifcance Level

Assuming Lognorml Distribution
DU2 Substitution Mathod

Mean
SO

950/6 H-Stat (DLf2) UCL

Log ROS Method
Mean in Log S€le

SD in Log Scele
Mean in Original S€le

SD in Original S€le
950/6 t UCL

950,6 Per@ntile B@tstrap UCL
9506 BCA B@tstraP UCL

95% H-UCL

Data Distibution Tst with Detsted valu6 Only
Data appear Lognomal at 5% SignifiGance LeYel

Nonparametric Statistics
Kaplanjvleier (KM) Method

Mean
SD

SE of Mean
es% KM (t) ucl

950/6 KM (z) UCL
950/6 KM 0ackknife) UCL

95% KM (b@tstrap t) UCL

9s"/5 KM (BCA) UCL

95% KM (Percentile BmtstraP) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

0.oo'17
107

10.53
26.72

0.00'r8
2.69

-,1

3.31

UCL Statistics

0.455
0.918

't.743
'11.35

3.267 0.

o.2
52.58
10.o1

1.608
0.897
0.897
0.193

0.000001
107

1_732

0.000001
11.35

0.0719
24.'l

N/A

21

3.1'13

1 't.31

0.

7

3.41
5.81

1'l

of a 95% UCL are provided to helP the user to select the mct appropriate 95% UCL'

the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)'

to
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o
RBR Consulting, Iac.

APPENDIX 8.3.2
STATISNCS FOR SURFACE AND SUBSURFACE SOTL - EASTERN AREA

Glean Harbors Kansas, LLC- Wichita, Kansas

o

units in mg/kg.

Number of Valid Data
Number of Distinct Detected Data

Raw Statistics

General Statisti6
152

UCL Statistics

Minimum Detected
Maimum Detected

Mean of Detecled
SD of Detsted

Minimum Non-Detect
Maimum Non-Detect

0.0016
881

78.39
2U.9

0.0018
0.0086

N/A

24.23

o.152
516.1
7.595

1.932
o.921
0.921
0.195

0.000001
881

12.89
0.000001

98.09
0.0634
2033

6.7A1
-'l

0.91

€.'l'r1

27.',|

26.21

Number of Detected Data
Number of Non-Detst Data

Percent Non-Detects

Log-f ansfomed Statistics
Minimum Detected

Maximum Detected
Mean of Detecled

SD of Detecled
Minimum Non-Detect
Maimum Non-Deteci

Number treated as Non-Detecl
Number treated as Detecled

Single DL Non-Detect Per@ntage

Lognomal Distribution Test with Detected Values Only
Shapiro \Mtk Test Statistic

5% Shapiro Wlk Critical Value
Data not Lognormal at 5% Significance Level

Assuming Lognormal DisAibution
DL/2 Substitution Method

Mean
SD

95% H-Star (DL/2) UCL

Log ROS Method
Mean in Log Sele

SD in Log Sete
Mean in Original Sele

SD in Originat Scale
9s% t ucl

95% Perentile Bootstrap UCL
95% BCA B@tstrap UCL

95% H_UCL

Data Disbibution Test with Detected Values Only
Data do not follow a Discemable Distribution (0.05)

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
950/6 KM (t) UCL
95% KM (z) UCL

950/6 KM (jackknife) UCL
95% KM (b@tstrap r) UCL

95% KM (BCA) UCL
95% KM (Perentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.50/6 KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

Data have multiple DLs - Use of KM Method is recommended
For allmethods (exept KM, DU2, and ROS Methods),

< Largest ND are treated as NDs

Nomal Distribution T€t with Det*ted Values Only
Shapiro \Mlk Test Statistic

5o/5 Sbapiro Witk Crili€tValue
Data not Normal at 5olo Significance Level

Asuming Nomal Distibution
DL/2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Milimum Liketihood Estimate(MLE) Method
ULE yields a negative mean

Gamma Dislribution Test with Det*ted Values Only
k star (bias @rected)

Theta Star
nu star

A-D Test Statistic
506 A-D Critical Vatue

K-S Tesl Statistic
5% K-S CriticalVatue

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statistic using Extrapolated Data

Minimum
Maimum

Mean
Median

SO
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

95% Adiusted Gamma UCL (Us when n < 40)

0.364
0.918

12.9
98.09
26.06

97

44.

10.

DU2 is not a recommended method,

Note: Suggestlons regarding the selection af 95% UCL are provided helpto the user to select the most appropriate 95% UCL.
These recommendations are based upon the results ol the simulation studies summarized In Singh, Maichle, (2006).and Lee

the user

o
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units in mg/kg.

Number of Valid Data

Number of Distinct Detected Data

Raw Statistics
Minimum Detecled

Maximum Detecled
Mean ot Oetecied

SD of Detected
Minimum Non-Detet
Maimum Non-Detect

Data have multiple DLs - Use of KM Method is recommended

all methods (exept KM, DU2, and ROS Methods),
< Largest ND are trealed as NDs

Nomal Distribution T6l with Detected Values Only
ShaPiro Wlk Test Statistic

50/6 ShaPiro \Mlk Criti€lValue
Data not Nomal at 5% Significance Level

A$uming Nomal Distribution
OU2 Substitution Method

Mean
SD

95"6 OU2 (t) UCL

Maimum Likelihood Estimate(MLE) Method

MLE method failed to conYerge properly

Gamma Distribution Test with Detected Values Only
k star (bias @rected)

Theta Star
nu star

A-D Test Statistic
50/6 A, Crili€lValue

K-S Test Slatistic
5% K-S CriliGlValue

Data not Gamma Distributed at 5% Signiticance Level

Assuming Gamma Dist ibution
Gamma ROS Statisti6 using Extrapolated Data

Minimum
Maimum

Mean
Median

SD
k star

Theta star
Nu star

APPChi2

950/6 Gamma Approximate UCL (Us when n >= 40)
950/6 Adjusted Gamma UCL (Use when n < 40)

Note: DU2 is not a recommended method.

General Statistics
152

15

Number of Detected Data
Number of Non-Oetoct Data

Perent Non-Detecls

Log-Eansformed Statistics
Minimum Detocted
Maimum Detsted

Mean of Detecled
SD of Detecled

Minimum Non-Detect
Maimum Non-Detecl

Number treated as Non-Detecl
Number treated as Detecled

Single DL Non-Detect Per@ntage

Lognomal Distribution Test with Detected Values Only
ShaPiro \Mlk Test Statistic

5% ShaPiro Vvilk Critic€lValue
Data appear Lognomal at 50/6 Significance Level

Assuming Lognomal Distribution
DL/2 Substitution Method

Mean
SD

95oi6 H-Stat (DL,/2) UCL

Log ROS Method
Mean in Log Sele

SD in Log Sele
Mean in Original S€le

SD in Oiginal S€le
9506 r UCL

9506 Per€ntile BootstraP UCL

950/6 BCA Bmtstrap UCL
950/6 H-UCL

Data Dist ibution Test with Detected Valu6 Only
Oata appear Lognomal at 50/6 Significance Level

Nonpararctric Statistics
Kaplan-l'reier (KM) Method

Mean
SD

SE of Mean
9s% KM (t) UCL
95% KM (z) UCL

9506 KM (iackknife) UCL
950/6 KM (bootstraP t) UCL

95% KM (BCA) UCL

95% KM (Per@ntile Bootstrap) UCL
95% KM (Chebyshev) UCL

97.506 KM (Chebyshev) UCL
99% KM (Chebyshev) UCL

90.

0.0034
4.96

0.634
1.316

0.0018
41.4

1.601

3.

0.91
0.881

UCL Statistics

0.552
0.881

o222
1.78
0.458

NiA
-12.1
4.1',t.

0.293
2.'168
8.777

0.882
0.833
0.833

o.24

0.106
0.106

0.000001
4.96

0.0626
0.000001

o.443
0.0862

0.726
.21

o.
o't

018'1
0.1

0.1

0.301

0.

0.

0.

0.

Note: Suggestions regarding the selection of a 950/6 UCL are provided to help the user to select the mGt approPriate 95% UCL

These reJommendations are based upon the results ofthe simulation studies summarized in Singh' Maichle, and Lee (2006)'
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Risk Based Remedies

RBR Consultiag, Iac.

APPENDIX BA.2
STATISTICS FOR SURFACE AND SUBSURFACE SOIL. EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

units in mg/kg.

NumberofValid Data
Number of Distinct Detected Data

Goneral Statistics
152
97

Number of Detecled Data
Number of Non-Detect Data

Percent Non-Oetecls

Raw StatistiB Log-transromed Statistics
Minimum Oetecled
Maimum Detected

Mean of Delected
SD of Detected

Minimum Non-Detecl
Maimum Non-Detec{

Number treated as Non-Detecl
Number treated as Detected

Single DL Non-Detecl Per@ntage

Lognomal Distribution Test with Detsted Values Only
Liltiefors Test Statistic

5% Lilliefors Criti€l Value
Data not Lognormal at 5% Signiticance Level

Assuming Lognormal Distibution
DU2 Substitution Method

Mean
SD

95% H-Stat (DL/2) UCL

Log ROS Method
Mean in Log S€le

SD in Log S€le
Mean in Original S€le

SD in Original Sele
950/6 t UCL

95% Per@ntile Bootstrap UCL
950/6 BCA Bootstrap UCL

95% H-UCL

Data Distibution Test with Detected Values Only
Data do not follow a Discemable Distribution (0,05)

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95% KM (t) UCL
95% KM (z) UCL

95% KM (iackknife) UCL
95% KM (bootstrap t) UCL

950/6 KM (BCA) UCL
95% KM (Perentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5'/6 KM (Chebyshev) UCL

990/6 KM (Chebyshev) UCL

Minimum Detecled
Maimum Detected

Mean of Detected
SD of Detected

Minimum Non-Detect
Maximum Non-Oetect

0.00082
277

3.0'16
27.43

0.0029
20.9

-7

-5

7.54'.1

5 031

Data have multiple DLs - Use of KM Method is recommended
all methods (exept KM, DU2. and ROS Methods).

< La.gest ND are trealed as NDs

Nomal Distribution Test with Deteted Values Only
Lilliefors Test Statistic

5016 Lilliefors Criti€t Vatue
Data not Normal at 5% Signitrcance Level

A$uming Nomal Disfibution
DU2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Maimum Likelihood Estimate(MLE) Method
MLE method failed to conyerge propedy

Gamma Distributon Test with Detected Values Only
k star (bias @rected)

Theta Star
nu star

A-D Test Statistic
5% A.D Criti€tValue

K-S Test Statistic
5% K.S Criti€tVatue

Data not Gamma Distributed at 50/6 Significance Level

Asuming Gamma Distribution
Gamma ROS Statisti6 using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
9506 Gamma Approximate UCL (Us when n >= 4O)

95% Adiusted Gamma UCL (Use when n < 40)

151
1

UCL Statistics

0.48
o.oa77

2.104
22.49
5.123

0.1

4.
2.

N/A

2.

0.'167
18.09
34.01

22.6
0.95
0.95

0.0999

0.000001
277

2.O24
0.00995

22.48
0.108

3.202
3.2'16

OU2 is not a recommended rethod.

Note: Suggestions regarding the selection of a 950/6 UCL are
These recommendations are based upon the rsults ol the

provided to help ths user to select the most appropriate 95% UCL.
simulation studies summarized in Singh, Maichle, and Lee {2006}.

want to
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Xylenes
uniE in mg/kg.

Number of Valid Data
Number of Distincl Detected Data

General Statistics
1s2
29

Number of Detected Data
Number of Non-Detect Data

Per@nt Non-Detecls

Maimum Likelih@d Estimate(MLE) Method N/A

Gamma Distribution Test witt Detected Values Only
k star (bias mrrected)

Theta Star
nu slar

A-D Test Statistic
5% A-O Criti€lValue

K-S Test Statistic
5% K-S CritielValue

Oata not Gamma Distributed at 5% Signiticance Level

Assuming Gamma Distribution
Gamma ROS StatistiG using Extrapolated Daia

Minimum
Maimum

Mean
Median

SD
k star

Theta star
Nu slar

AppChB

950/6 Gamma Approximate UCL (Use when n >= 4O)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended method.

Log-transfmed Statistics
Minimum Detecled
Maimum Deteted

Mean of Detecled
SD of Detected

Minimum Non-Detecl
Maimum Non-Detecl

Number treated as Non-Detecl
Number treated as Detected

Single DL Non-Detecl Percentage

Lognomal Distribution Test with Detected Values Only
Shapiro \Mlk Test Statistic

5% Shapiro \Mlk Criti€lValue
Data not Lognormal at 5% Significance Level

Assuming Lognomal Distribution
DL/2 Substitdion Method

Mean
SD

95% H-Star (Dt/2) UCL

Log ROS Method
Mean in Log Sele

SD in Log Scale
Mean in Original S€le

SD in Original S€le
95% t UCL

95o/6 Per@ntile B@tstrap UCL
950/6 BCA BootstEp UCL

95% H-UCL

Data Distribution Test with Det@ted Values Only
Data do not follow a Discemable Distdbution (0.05)

Nonpararetric StatistiB
Kaplan{reier (KM) Method

Mean
SO

SE of Mean
950/6 KM 0) UCL
950,6 KM (z) UCL

95% KM (iackknife) UCL
95% KM (bootstrap t) UCL

95% KM (BCA) UCL
95% KM (Per@ntile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.50/6 KM (Chebyshev) UCL

990/6 KM (Chebyshev) UCL

Raw Statistics
Minimum Detecled
Maimum Deteded

Mean of Detecled
SD of Detecled

Minimum Non-Det*t
Milimum Non-Detet

0.001
$40
323.1
1096

0.0031
o.o17

4.61

86.

Data have multiple DLs - Use of KM Method is recommended
atl methods (6xept KM, DUz, and ROS Methods),

< Largest ND are trealed as NDs

Nomal Distribution Test with Detected values Only
Shapiro Wlk Test Statistic

5oi6 Shapiro Wilk Criti€lValue
Data not Nomal at 5% Significance Level

Asuming Nomal Distribution
OL/2 Substitution Method

Mean
SD

s5% DU2 (t) UCL

21

UCL Statisti6

o.324
o 927

63.77
497.4
1 30.5

0.136
2379

a.147

2.491
0.935
0.935

0.18

0.00000'l
$40

0.000001
497.4

0.0597

63.

1.9t1

497
't30.

131

63.

3'r

470.

18.1

122.6

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommeodations are based upon the rcsults of the simulation studies summarized in Singh, Maichle, and Lee (2006).
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APPENDIX B.3.2
STATISNCS FOR SURFACE AND SUBSURFACE SOIL - EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

units in mg/kg.

Data have multiple DLs - Use of KM Method is racommended
all methods (exept KM, DUz, and ROS Methods).

< Largest ND are treated as NDs

Nomal Distribution Test with Detected Values Only
Liiliefors Test Statistic

5% Lilliefors Criti€t Vatue
Oata not Normal at 5% Significance Level

Assuming Nomal Distribution
DU2 Substitution Method

Mean
SD

950/6 DU2 (t) UCL

Maimum Likelihood Estimato(MLE) Method
MLE rethod failed to conyerge propedy

Gamma Disfibution Test with Det*ted Values Only
k star (bias @rected)

Theta Star
nu star

AO Test Statistic
5% A-D Criti€tVatue

K-S Test Statistic
5% K-S Crili€tVatue

Data not Gamma Distributed at 5olo Significance Level

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

950/6 Adiusted Gamma UCL (U* when n < 40)
OU2 is not a recommended method-

Note: Sugg6tions regarding the selection of a 950/6 UCL
These recommendations are based upon the rcsults of

Number of Detected Data
Number of Non-Detect Data

Percent Non-Delecls

Log-transfomed Statistics
Minimum Detected

Maimum Delecled
Mean of Detected

SD of Detected
Minimum Non-Detect

Maimum Non-Detect

Number treated as Non-Detect
Number treated as Detected

Single DL Non-Detect Per@ntage

Lognomal Distdbution Test with Detsted Values Only
Lilliefors Test Statistic

5016 Lilliefors Criticl Vatue
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

9s% H-Srat (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log S€te
Mean in Original Sc€le

SD in Original S€le
950/6 t UCL

95% Per@ntile Bootstrap UCL
95% BCA Bootstrap UCL

95% H-UCL

Data Distibution Test with Detected Values Only
Data do not follow a Discemable Distribution (0-0S)

Nonpararetric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
9s% KM (t) UCL

95./6 KM (z) UCL
95% KM (lackknife) UCL

95% KM (bootstrap t) UCL
9so/6 KM (BCA) UCL

95% KM (Per@ntile Bootstrap) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL
99% KM (Chebyshev) UCL

Numberof Valid Data
Number of Distinct Detected Data

Raw Statistics

General Statistics
't52
49

65.1

Minimum Detecled
Maximum Detected

Mean of Detected
SD of Oetected

Minimum Non-Detect
Maimum Non-Detect

0.00095
28.2
o.57

3.873
o.oo27

20.9

4.
I

-5.91

UCL Statistics

0.503
o.'122

o.281
2.4fi
0.608

0.!
0.1

151
-5.41

0 941

2.2A1
0.1
051

0.

1.01

N/A

0.18
3.161
't9.11

'13.91

0.923
0.923
0.136

0.000@1
28.2

0.199
0.000001

2.289
0.0934
2.127

17

0.329

are provided to help the user to select the most appropriate 95% UCL.
the simulation studies summarized in Singh, Maichle, and Lee (2006).

o
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chloride
units in mgy'kg.

Number of Valid Oata
Number of Distincd Delected Oata

Raw Statistics
Minimum Oetec{ed
Maimum Detecled

Mean of Delecled
SD of Detected

Minimum Non-Detecl
Maimum Non-Detect

Data have multiple DLs - Use of KM Method is recommended
all methods (ex@pt KM, DU2, and ROS Methods).

< Largest ND are treated as NDs

Nomal Distibution Test with Det*ted Valu6 Only
ShaPiro Wlk Test Statistic

5% ShaPiro Wilk Criti€lValue
Data not Normal at 5% Significance Level

Assuming Nomal Distribution
DU2 Subslitution Method

Mean
SD

9s% DU2 (t) UCL

Maimum Likelihood Estimate(MLE) Method

ilLE method failed to converge Propcrly

Gamma Distibution Test with Det*ted Valu6 Only
k star (bias orecled)

Theta Star
nu stat

A-D Test Statistic
5% A-D Criti€lValue

K€ Test Statistic
5% KS Criti€lValue

Data not Gamma Distributod at 5% Significance Level

General Statistics
152

't4
Numb€r of Oetected Data

Number of Non-Detst Data
Percent Non-Detects

0.0013
2.16
o.17

0.538
0.0018

20.9

0.354
0.887

0. t09
o.474
o.227

Log-transformed Statistica
Minimum Detecied

Maximum Detacled
Mean of Deteded

SD of Detecled
Minimum Nm-Detect
Maimum Non-Deled

Number treated as Non-Detec{
Number trealed as Detected

Single DL Non-Detecl Percentage

Lognomal Distribution Test with Det*ted Values Only
Shapirc \Mlk Test Statistic

506 ShaPiro Wlk Criti€l Value
Data not Lognormal at 5% Significance Level

Assuming Lognoml Distribution
DL/2 Substitution Method

Mean
SD

95% H-Stat (DL.2) UCL

Log ROS Method
Mean in Log S€le

SD in Log S€le
Mean in Original S€le

SD in Original Scale
95% t UCL

95% Perentile BmtstEp UCL
95% BCA BmtstraP UCL

95% H-UCL

Data Disfibution TGt with Det*ted values Only
Data do not follow a Discemable Distributim (0'05)

Nonpararetric Statistics
Kaplan+leier (KM) Method

Mean
SD

SE of Mean
950/6 KM (t) UCL
9s% KM (z) UCL

95% KM oackknife) UCL
95% KM (bootstrap t) UCL

9so6 KM (BCA) UCL

95% KM (Perentile B@tstEP) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL
99% KM (Chebyshev) UCL

0.

UCL Statistics

N/A

0.851
0.851
0.234

€.91

0.01

o.

o.254
0.658
8.268

0.ol
0.1

Assuming Gamma Distdbution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maimum

Mean
Median

SD
k star

Theta star
Nu star

AppChP

95% Gamma Approximate UCL (Us when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

DU2 is not a recommended method.

Note: Suggestions regarding the selection of a 95oi6 UCL are p.ovided to helP the userto select the most aPPropriate 95% UCL

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, 3nd Lee (2006).

a statistician.

0.000001
216

0.o187
0.000001

0.178
0.0988

0.189

0.0151

0.11
0.1

0.0303
0.0305

Risk Based Remedies
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APPENDIX B-3-2
STATISTICS FOR SURFACE AND SUBSURFACE SOIL. EASTERil AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

mdks.

Number of Valid Data
Number of Oistincl Detected Oata

Raw Statistics
Minimum Detec{ed

Maximum Detected
Mean of Detected

SO of Detected
Minimum Non-Detect

Maximum Non-Detect

Data have multiple DLs - Use of KM Method is recommended
all methods (excpt KM, DL/2, and ROS Methods),

< Largest ND are treated as NDs

Nomal Distribution Test with Detected Values Only
Shapiro Wlk Test Statistic

50/6 Shapiro Wtk Critiet Value
Data not Normal at 5% Signiticance Leyel

Assuming Nomal Distribution
OL/2 Substitution Method

Mean
SD

95% DU2 (r) UCL

Maximum Likelihood Estimate(MlE) Method
MLE method failed to converge properly

General Statistics
35
2

Number of Detected Data
Number of Non-Detect Data

Percent Non-Delects

Log-transf ormed Statistics
Minimum Detected
Milimum Detsted

Mean of Detected
SD of Detected

Minimum Non-Detect
Maximum Non-Detecl

Number trealed as Non-Detect
Number treated as Oetected

Single DL Non-Detect Percentage

Lognomal Distibution Test with Detected Values Only
Shapiro \Mtk Test Statistic

5% Shapiro \Mtk Criti€tValue
Data not Lognomal at 5% Signilicance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

950/6 H-Srat (DL/2) UCL

Log ROS Method
Mean in Log S€le

SD in Log S€te
Mean in Original S€le

SD in Original S€le
950/6 t UCL

950/6 Percentile Bootstrap UCL
950/6 BCA Bootstrap UCL

95% H_UCL

Data Distribution TEt with Detected Values Only
Data do not follow a Discemable Distribution (0.05)

0.0455
o.'t41

0.0933
0.067s

0.16

Warning: Data set has only 2 Distinct Detected Values.
This may not be adequate enough to compute meaningful and retiable test statistics and estimates.

The Prcject Team may decide to use alternatiye site specific values to estimate environmental parameters (e.g., EpC, BTv)
Unless Data Quality Objectives (DQOS) have been meg it is suggested to collect additional obseryations,

The number of detected data may not be adequate enough to perftim GOF tests, bootstrap, and ROS methods.
Those methods will return a ,N/A'value on your output display!

lt is necessary to have 4 or more Distinct Values for bootstmp meihods.
However, results obtained using 4 to g distinct values may not be reliable.

It is recommended to have 10 to 15 or more obseilations lor accurate and meaningful results and estimates

UCL Statistics

-1

-1

N/A
N/A

N/A
N/A

0.0882
0.0138
0.0921

o.

N/A

NiA
N/A
N/A
N/A
N/A
N/A
NiA
N/A

Gamma Distibution T6t with Detected Values Only
k star (bias mrected)

Theta Star
nu slar

A{) Test Statistic
5% AO CriticatVatue

K-S Test Statistic
5% K-S Criti€tVatue

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Disfibution
Gamma ROS Statistis using Extrapolated Data

Minimum
Maimum

Mean
Median

SD
k star

Theta star
Nu slar

AppChi2
95o/6 Gamma Approximate UCL (Use when n >= 40)

950/6 Adjusted Gamma UCL (Use when n < 40)

DU2 is not a recommended method.

Note: Suggestions regarding the selection of a 95% UCL are
These recommendations are based upon the results of the

Nonparametric Stadstics
Kaplan-Meier (KM) Method

Mean
so

SE of Mean
95% KM (r) UCL

950/6 KM (z) UCL
950/6 KM (tackknife) UCL

95% KM (b@tstrap t) UCL
gso/o KM (BCA) UCL

95% KM (Perentile B@tstrap) UCL
95% KM (Chebyshev) UCL

97.50/6 KM (Chebyshev) UCL
990/6 KM (Chebyshev) UCL

Waming: Recommended UCL exceeds the milimum obseryation

provided to help the user to select the most appropriate 95% UCL
simulation studies summarized in Singh, Maichle, and Lee (2006)

0.1
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
NiA
N/A
N/A
NiA
N/A
N/A
N/A
N/A
N/A

0.'l
0.'l

N/A
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APPENDIX B-3.2

STATISTICS FOR SURFACE AND SUBSURFACE SOIL. EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas
o

o

o

to

units in mgy'kg.

Raw Statisti6

Number of Valid Data
Number of Oistincl Delected Data

General Statis6cs
62
30

UCL Statistica

Number of Detected Data

Number of Non-Detect Data
Per@nt Non-Detects

Log-transfomed Statisti6
Minimum Detected

Maximum Detecled
Mean of Detected

SD of Detecled
Minimum Non-Deted
Maimum Non-Detsd

Number treated as Non-Deted
Number treated as Detecled

Single DL Non-Detec{ Perentage

Lognomal Distribution Test with Detected Valu6 Only
Shapiro Wilk Test Statistic

50,6 Shapiro VMlk CriticalValue
Data appear Lognotmal at 5% Significance Level

Assuming Lognoml Distribution
DLl2 Substitution Method

Mean
SD

95on H-Stat (DL/2) UCL

Log ROS Method
Mean in Log S€le

SD in Log S€le
Mean in Original S€le

SD in Original S€le
95% r UCL

95oi Percentile BmtstraP UCL

95% BCA Bootstrap UCL
95% H-UCL

Data Distibulion Test with Detected Values Only
Data appear Lognomal at 5% Significance Level

Nonparametric Statistic
Kaplan-lvleier (KM) Method

Mean
SD

SE of Mean
9s% KM (t) UCL
95% KM (z) UCL

95% KM (,ackknife) UCL

950/6 KM (b@tstraP 0 UCL
9s% KM (BCA) UCL

950/6 KM (Perentile B@tstrap) UCL
95% KM (Chebyshev) UCL

97.50/6 KM (Chebyshev) UCL
990/6 KM (Chebyshev) UCL

Minimum Detecied
Maimum Detected

Mean of Detecled
SD of Detec{ed

Minimum Non-Detect
Maimum Non-Detst

0.94
43.2

5.60'r
6.898

1.6
7.6

3.

0.

Data have multiple DLs - Use of KM Method is recommended

all methods (exept KM, DU2. and ROS Methods).
< Largest ND are treated as NOs

Nomal Distibution TEt with Detected Valus Only
Shapiro \Mlk Test Statistic

50/6 ShaPiro \Mlk CriticlValue
Data not Normal at 5% Significance Level

Assuming Nomal Distribution
DU2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method
MLE yields a negative mmn

Gamma Distibulion Tst with Detected values Only
k star (bias corected)

Theta Star
nu star

A-I) Test Statistic
5% A-D Criti€lValue

K-S Test Statistic
5% K-S CriticalValue

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statisti6 using Extrapolated Data

Minimum
Maimum

Mean
Median

SD
k star

Theta slar
Nu star

APPChP

95% Gamma Approximate UCL (Us when n >= 40)
950/6 Adjusted Gamma UCL (Use when n < 40)

DU2 is not a rccommended method.

91

o.4u
0,935

3.709
5.699
4.918

N/A

user

1.87
3.528
114.3

1.221
o.764
o.764
0.149

0.000001
43.2

3.515
2.35
5.81

o.213
16.51
26.41

5.915
5.99

4.81

5.61

5.1

8.311
't1

Note: Suggestiong regarding the selection of a 95% UCL are provided to help the uset to select the most appropriate 95% UCL

These reiommendations are based upon the resutts of the simulation studies summarized in Singh, Maichle, and Lee (2005).
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APPENDIX 8.3.2
STATISTICS FOR SURFACE AND SUBSURFACE SOIL - EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

units in mgfl(g.

Number of Valid Data
Number of Distinct Detected Data

Raw Statistics
Minimum Detected

Maximum Detecied
Mean of Detected

SD of Oetmted
Minimum Non-Detect

Maximum Non-Delect

Data have multiple DLs - Use of KM Method is recommended
all methods (exept KM, DU2, and ROS Methods).

< Largest ND are treatod as NDs

Nomal Distribution Test with Detsted Values Only
Shapiro Wilk Test Statistic

5% Shapiro \Mtk Criti€tValue
Data not Nomal at 5% Significance Level

Assuming Normal Distdbution
DL/2 Substitution Melhod

Mean
SD

9so/6 DU2 (t) UCL

Maimum Likelihood Estimate(MLE) Method
MLE yields a negatiye mean

Gamma Distribution Test with Detected Values Only
k star (bias orected)

Theta Star
nu star

A-D Test Statistic
5% A-D Crili€lVatue

K-S Test Statistic
50/6 K-S Criti€tValue

Data not Gamma Oistributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statistic using Extrapolated Dala

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended method.

Note: Suggestions .egarding

General Statistics
69
44

Number of Oetected Data
Number of Non-Detect Oata

Percent Non-Detects

Log-transformed Statistics
Minimum Detecied

Maximum Oetected
Mean of Detected

SD of Detected
Minimum Non-Delect

Maimum Non-Detecl

Number treated as Non-Detecl
Number lreated as Detected

Single DL Non-Detect per@ntage

Lognormal Distribution Test with Det*ted Values Only
Shapiro \Mtk Test Statistic

5% Shapiro \Mtk Criti€tValue
Data not Lognormal at 5% Signiftcanee Level

Asuming Lognomal Distribution
DU2 Substitulion Method

Mean
SO

950/6 H-Stat (Dt-.f2) UCL

Log ROS Method
Mean in Log Sele

SD in Log S€te
Mean in Original Scale

SD in Originat S€te
95% r UCL

95% percentite Bootstrap UCL
95% BCA Bmtstrap UCL

95% H-UCL

Data Distribution Test with Detsted Values Only
Data do not follow a Discemable Distdburion (0.0S)

Nonpararetric Statistics

SE of Mean
9s% KM (r) UCL
9s% KM (z) UCL

95% KM (jackknife) UCL
95oi6 KM (bootstrap 0 UCL

950/6 KM (BCA) UCL
95% KM (Per@ntile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

990/6 KM (Chebyshev) UCL

Potential UCLS to Use
97.5% KM (Chebyshev) UCL

21

2.2
4970

275.7
791.8

5.1

8.51
3.

't.1

UCL Statistics

0.398
0.947

192.4
670.4

o.881

2.11

N/A

0.139

0.296
932.8
28.37

4.616
0.862

341
411
296.

998.1

0.000001
4970

,191.8

7.5
670.5
o.117
16/.2

16.1 1

a.M2
38/'.2
390 1

the sel6cfion of 950[ UCL are provided help the user to select the most appropriate 95% UCL.to
These recommendafions are based upon the results of the simulation studies summarized Singh, Maichle, (2006).and Lee

to
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Risk-Based Remedies

RBR Consulting' Inc.

APPENDIX 84
STANSNCS FOR GROUNDWATER - VAPOR INTRUSION - WESTERN AREA

Clean Harbo6 Kansas, LLC- Wichita, Kansas

o

o

o

units in ugrL.

Number of Valid Data

Number of Distincl Detecled Data

Raw Statistics
Minimum Detecled

Maximum Detected
Mean of Detec{ed

SD of Detecled
Minimum Non-Detecl
Maximum Non-Detect

Normal Distribution Test with Detected Values Only
ShaPiro Wtk Test Statistic

5% ShaPiro Vvilk CriticalValue

Data not Normal at 5% Significance Level

Assuming Normal Distribuuon
DU2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method

MLE metiod tailed to convetge prcperly

Gamma Distribution Test wlth Detected Values Only
k star (bias conec{ed)

Theta star
nu slar

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2

95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

DU2 is not a recommended method.

Warning: There are only I Detected Values in this data

Note:ltShouldbenotedthateventhoughbootstrapmaybeperformedonthisdataset
the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaninglul t€sults'

UCL Statistics

General Statistics
34

8

Log-transformed Statlstics

Number of Detected Data

Number of Non-Deteci Dda
Percent Non-Oetecis

Minimum Deteded
Maximum Oetected

Mean of Detected
SD of Deteded

Minimum Non-Detecl
Maximum Non-Detecl

-10.3
2.5

0.8la
0.717

1

I

o.73
0.818

0.582
0.363
0.687

Lognormal Distribution Test with Detected Values Only
shapiro wilk Test Statistic

5olo Shapiro Wlk Critical Value

Data appear Lognormal at 5% Signlficance Level

0.931
0.81

-o.61

0.41

1.1

A-D Test Statislic 0.513

5% A-D CriticalValue 0'723
K-S Test Statistic 0.723

5% K-S Critical Value 0'297

Data appear Gamma Distributed at 5% Significance Level

Assuming Lognormal Distributlon
DU2 Substitution Method

Mean
SD

95olo H-Stat (OU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% r UCL

95% Percentile BootslraP UCL

95% BCA BootstraP UCL
95% H-UCL

Data Dlstribution Test with Detected Values Only

Data appear Gamma Oistributed at 5% Signilicance Level

Nonparametric Statstics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95o/o KM (t) UCL
95% KM (z) UCL

95% KM (jackknife) UCL

95o/o KM (bootstrap t) UCL

950/6 KM (BCA) UCL

95% KM (Percentile BootstraP) UCL

95olo KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

appropriate 95% UCL.

Singh, Maichle, and Lee (2006).

N/A

1.566
0.541
25.06

19.
1.1
't.158

0.
0.
0.

0.
0.

0

0.
0_000001

2.5
o.702
0.628
0.518
0.454
1.547

Note: Suggestions regarding the selection of 95o/o UCL ar,e provided help the user to select the most

These recommendations are based upon the results slmulation studies summarized lnof the

For the to consult
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Risk-Based Remedies

RBR Consulting, Inc.

APPENDIX 8.4
STATISTICS FOR GROUNDWATER . VAPOR INTRUSION . WESTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

Ethylbenzene
units ln ug/L.

Number of Valid Data
Number of Distinct Detected Data

General Statistics
35

1

Number of Detecled Data
Number of Non-Detect Data

Percent Non-Detects 97.1

Warning: Only one distinct data value was detected! ProUcL (or any other software) should not be used on such a clata set!
It is suggested to use altemative site specific values determined by tne Project Team to estimate environmental parameteE (e-g., Epc, BTv).

The data set for variable Ethylbenzene was not processed!

Appx B-4 Westem Area - GWVI Stats Page 2 ot 5 2127t2014



Risk-Based Remedles

RBR Consulting, Inc.

APPENDIX 84
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION - WESTERN AREA

Clean Harbors Kansas, LLC- Wichita' Kansas

o

o

o

units in ug/L.

Number of Valid Data

Number of Distind Detected Data

Raw Statistlcs
Minimum Detected

Maximum Detected
Mean of Detec{ed

SD of Oetecled
Minimum Non-Detect

Maximum Non-Deteci

Normal Distribution Test with DeGcted Values Only
Shapiro \Mlk Test Statistic

5% ShaPiro \Mlk CriticalValue

Data not Normal at 5% Significance Level

Assumlng Normal Oistribution
DU2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method
Mean

SD
95o/o MLE $ UCL

95o/o MLE Oiku) UCL

Gamma Distrlbution Test with Oetected Values Only
k star (bias corrected)

Theta Star
nu star

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolded Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

APPChi2

95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

Note: DU2 is not a recommended method.

Lognormal Distributlon Test with Detectcd Values Only
ShaPiro Wlk Test Statistic

5% Shapiro Wlk Critical Value

Data not Lognormal at 5% Significance Level

General Statistics
35
33

0.365
230

51.93
62.66

1

1

UCL Statistics

Log-transformed Statistics

Number of Detected Data

Number of Non-Detect Data

Percent Non-Detects

Minimum Detected
Maximum Detecled

Mean of Detecled
SD of Detecied

Minimum Non-Detec{
Maximum Non-Detecl

-1

5.71

0.93'l

61

66.

2.

A-D Test Statistic 0.49

5% A-D Critical Value 0'808
K-S Test Statistic 0.808

5% K-S Critical Value 0'162

Data appear Gamma Distributcd at 5% Significance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SO

95% H-Stat (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% t ucL

95% Percentile Bootstrap UCL

95o/o BCA BootstraP UCL
95% H UCL

Data Distribution Test with Detected values only
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
9s% KM (t) UCL
9s% KM (z) UCL

95% KM (iackknife) UCL

95% KM (bootstraP t) UCL
95o/o KM (BCA) UCL

95olo KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

provided help the user to select the most appropriate 95% UCL.to
sim ulation studies summarized Singh, Maichle, and Lee (2006).

want to statistician.

0.799
0.931

48.99
61.98

66.7

39.96
72.14
60.57
60.56

0.504
'103

33.29

2.571
2.O51

49.01
61
66.
67

66.

0.000001 71

11

230
/l8.96

19.2
62

0.319
153.4

89.31

Note: Suggestions regard ing the selection of 95% UCL afe

These recommendations are based upon the results of the
additional
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o

o

Risk-Based Remedies

RBR Coasulting, Inc.

APPENDIX 8.4
STATISTICS FOR GROUNDWATER . VAPOR INTRUSION - WESTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

units in ug/L.

Number of valid Data
Number of Distinct Detecied Data

Raw Statistics
Minimum Detected

Maximum Detec{ed
Mean of Detected

SD of Detected
Minimum Non-Detect

Maximum Non-Detecl

Normal Distribution Test with Detected Values Only
Shapiro Witk Test Statistic

5% Shapiro Wlk CriticatValue
Data not Normal at 5% Significance Level

Assuming Normal Distribution
DU2 Substitulion Method

Mean
SD

95o/o DU2 O UCL

Maximum Likelihood Estimate(MLE) Method
Mean

SO
95% MLE O UCL

95% MLE (Tiku) UCL

Gamma DistIibuuon Test with Detected Values Only
k star (bias conected)

Theta Star
nu star

A-D Test Statistic
5% A-D Critical Vatue

K-S Test Statistic
5% K-S Critical Value

Assuming Gamma Dlstribution
Gamma ROS Statistics using Exrapolated Data

Minimum
Maximum

Mean
Median

SD
k slar

Theta star
Nu star

AppChi2
95o/o Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recomrnended method.

Number of Detected Data
Number of Non-Deteci Data

Percent Non-Detects

Log-transformed Statisucs
Minimum Detec{ed

Maximum Detected
Mean of Oetec{ed

SO of Detecled
Minimum Non-Detect

Maximum Non-Detect

Lognormal Distribution Test with Detected Values Only
Shapiro Wtk Test Statistic

5% Shapiro Wtk Criticat Vatue
Data appear Lognormal at S% Signlficance Level

Assumlng Lognormal Distributon
DU2 Substitution Method

Mean
SD

95% H-Srat(DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Originat Scale
95% r UCL

95% Percenlile Bootstrap UCL
95% BCA Bootstrap UCL

95% H UCL

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95o/o KM (t) UCL
9s% KM (z) UCL

95o/o KM (jackknife) UCL
95% KM (bootstrap t) UCL

95% KM (BCA) UCL
95% KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5o/o KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

to the user to select the most appropriate 950/n UCL.
summarized tn Singh, Maichle, (2006).and Lee

Data Distribution Test with Detected Vatues Only
Data Follow Appr. Gamma Distribution at 5% Significance Level

General Statistics
35
28

0.38
93.55
14.21

19.3
1

1

UCL Statistics

11

Data follow Appr. Gamma Distribution at 5olo Significance Level

8.758
22.69
't5.24

15.37

0.67
21.23
41.51

0.€5
0.791
o.79'l
0.164

0.000001
93.55
12.59

6.9
18.7

o.274
45.97
19.1

0.689
0.929

12.U
18.66
17.98

23.56
24.3

1.81

0.951

1.601

18.

3.1

17
17

17
17

Note: Suggestions regarding ofthe selection 95% UCL are provided help
These recomm6ndations are based upon the results of the simulation studies

want to

o
Appx B*4 Westem Area - GWVI Stats Page 4 of 5 i,27t20'14



chloride
units ln ugrL.

General Statisdcs
35

0
Number of Valid Data

Number of Distinct Detected Dda
Number of Detected Data

Number of Non-Detect Data

Percent Non-Detec{s 1

Warning: All observations are Non-Detects (NDs), therefore all statistics and estimates should also be NDs!

Specifically, sample mean, UCLS, UPLS, and other statistics are also NDs lying below the largest detection limlt!

Tne project Team may decide to use alternative site specific values to estimate environmental patameters (e.9., EPC, BTV)'

The da{a

Risk-Based Remedies

RBR Consulting, Inc.

APPENDIX 84
STATISTICS FOR GROUNDWATER. VAPOR INTRUSION . WESTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

o

o
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o
Rlsk-Based Remedies

RBR Consulting, Inc.

APPENDIX 8.5
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION. CENTRAL AREA

Clean Harbors Kansas, LLG- Wichita, Kansas

o

o

units in ug/L,

General Statistics
Number of Valid Data

Number of Distincl Detected Data
47 Number of Detected Data

Number of Non-Detect Data
Percent Non-Detects

14

Raw Statistics
Minimum Detec{ed

Maximum Delec-ted
Mean of Detected

SD of Detected
Minimum Non-Detect
Milimum NorDetect

0.49
26.2

5.499
6.929

1

1

Log-transfomed Statistics
Minimum Detected
Maimum Detected

Mean of Detected
SD of Detected

Minimum Non-Detect
Maximum Non-Detect

-o.71

1.051

UCL Statistics
Nomal Distribution Test with Detected Values Only

Shapiro VMlk Test Statistic
5oi6 Shapirc Wilk Criti€lVatue

Data not Normal at 5% Signiticance Level

o.712
0.881

Lognomal Distribution Test with Detected Values Only
Shapirc V\iltk Test Statistic

5% Shapiro Wlk Critical Value
Data appear Lognomal at 5% Significance Level

Assuming Normal Distribution
DU2 Substitution Method

Mean
SD

9s% DL/2 (r) UCL

2.096
4.49

3_195

Assuming Lognomal Distdbution
DU2 Substitution Method

Mean
SD

95% H-Stat(DL/2) UCL

-0.1
1.061

Maximum Likelihood Estimate(MLE) Melhod
MLE yields a negative mean

N/A Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original S€le
95% t UCL

95% Perentile Bootstrap UCL
95% BCA BootstEp UCL

950/6 I+UCL

-0.0571

Gamma Distribution Test with Det*ted Valu6 Only
k star (bias conected)

Theta Star
nu star

0.761
7.23

22.82

Data Distribution Test with Oetected Values Only
Data appear Gamma Dlstdbuted at 5% Significance Levet

A-D Test Statistic
5% A-D CriticalValue

K-S Test Statistic
5olo K-S Criti€lValue

Data appear Gamma Distributed at 5% Signiticance Level

o.471
0.768
0.768
o.229

Nonparametric Statist6
Kaplan-Meier(KM) Method

Mean
SD

SE of Mean
95% KM (r) UCL

950/6 KM (z) UCL
950/6 KM 0ackknife) ucL

95% KM (bootstrap t) UCL
9s% KM (BCA) UCL

95% KM (Percentile Bootstrap) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshey) UCL
990/6 KM (Chebyshev) UCL

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k slar

Thela slar
Nu star

AppChi2
95% Gamma Approfmate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended method.

0.000001
26.2

2.527
0.82
4.55

o.'t42

5.11

17

6.
5.498

5.64

Note: Suggestions regarding the selection of a 950/o UCL ale provided to help the user to sel6ct the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized tn Singh, Maichle, and Lee (2006).

For additionat to consurt a
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Rlsk-Based Remedies

RBR Consulting, Inc.

APPENDIX B.5

STATISTICS FOR GROUNDWATER. VAPOR INTRUSION . CENTRAL AREA
Glean Harbors Kansas, LLC- wichita, Kansas

o

o

o

units in ug/L.

Number of Valid Data
Number of Distinct Deteded Data

Raw StatistiG
Minimum Detected

Maximum Detecled
Mean of Detected

SD of Detected
Minimum Non-Detect
Maimum Non-Detecl

Nomal Distribution Test with Det*ted Values Only
Shapiro Wlk Test Statistic

5016 ShaPirc Vvilk Criti€lValue
Data not Nomal at 5% Significance Level

Assuming Nomal Distribution
DU2 Substitution Method

Mean
SD

9s% DU2 (r) UCL

Milimum Likelihood Estimate(MLE) Method
MLE method failed to converge prcperly

Gamma Distribution Test with Detected Valu6 Only
k star (bias @rected)

Theta Star
nu star

A-D Test Statistc
5% A-D CriticalValue

K-S Test Statistic
5016 K-S CriticalValue

Data not Gamma Distributed at 5% Significance Level

General Statisti6
47

2
Number of Detected Data

Number of Non-Delecl Data
Percent NorDeteds

Log-transfomed Statisti,cs
Minimum Detec{ed

Maximum Detected
Mean of Detffled

SO of Detecled
Minimum Non-Detecl
Milimum Non-Detect

Lognomal Distribution Test with Detect6d Values Only
Shapiro Vvilk Test Statistic

5olo Shapirc \ /ilk Critical Value
Data not Lognormal at 5% Signilicance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

95% H-Stat(DU2)UCL

Log ROS Method
Mean in Log Scle

SD in Log Scale
Mean in Original Scale

SD in Original S€le
950/6 t UCL

95% Percentile Bootsfap UCL
95% BCA Bootstrap UCL

95% H-UCL

Data Distribution Test with Det*ted Values Only
Data do not follow a Discemable Distribution (0.05)

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Man
9s% KM C) UCL
95% KM (z) UCL

950/6 KM 0ackknife) UCL
950/6 KM (bootsbaP t) UCL

950/6 KM (BCA) UCL
95016 KM (Prentile B@tstEP) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

95.

1

22.'l
11 .55
14.92

1

5

2.

Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detecl
Number treated as Detected

Single DL Non-Deted Percentage
all methods (except KM, DU2, and ROS Methods),

< Largest ND are lreated as NDs

Warning: Data set has only 2 Distinct Detected Values.
This may not be adequate enough to compute meaningful and reliable test statistics and estimates'

The prcject Team miy decide to use alternative site specific values to estimate environmental p3rameteG (e.9., EPC, BTV)'

Unless Data Quality Objectives (DQOS) have been met, it is suggested to collect additional observations.
The number of det*ted data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods wil, return a'N/A' value on your output displayl
It is necessary to haYe 4 ol more Distinct Values for bootstrap methods.

However, rGults obtained using 4 to 9 distinct values may not be reliable'
It is recmmended to have 10 to 15 or more obseryations for accurate and meaningful results and estimates.

UCL Statistics

97

N/A
N/A

tvA
TI/A

1.Offi
3.'t62
1.U

-0.5'1

15.1

N/A
22.1

5.371

N/A
t{/A
t'l/A
wA
N/A
N/A
N/A
N/A
N/A

Assuming Gamma Disttibution
Gamma ROS Statislics using Exrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >='lO)

950/6 Adiusted Gamma UCL (Use when n < 40)
Note: DU2 is not a recommended method'

7

N/A
tvA
N/A

N/A
l.l/A
N/A
IUA

tliA
I.,t/A
N/A
TI/A
N/A
N/A
l.l/A
N/A
1.1/A

N/A
N/A

Note: Suggestions regarding the selection of a 95% UCL are prcvided to help the user to select the most appropriate 95o/o UCL.

These r;clmmendations are based upon the resu,ts of the simulation studies summarized in Singh, Maichle, and Lee (2006).
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o
Rlsk-Based Remedies

RBR Consulting, Iac.

APPENDIX B-5
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION . CENTRAL AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

units in ug/L.

Number of Valid Data
Number of Distinct Detected Data

Raw Statistics
Minimum Detec{ed

Maximum Detected
Mean of Detecied

SD of Detecled
Minimum Non-Detect

Maximum NorDetec{

Assuming Nomal Distribution
DU2 Substitution Method

Mean
SD

95% DU2 (l) UCL

Maximum Likelihood Estimate(MLE) Method
Mean

SD
9s% MLE (t)

95% MLE Oiku)

Nomal Distdbution Test with Detected Values Only
Shapiro VMtk Test Statistic

5% Shapiro WIk CriticalValue
Oata not Nomal at 5olo Significance Level

Lognormal Distribution Test with Detected Values Only
Shapiro Wlk Test Statistic

5% Shapiro \Mtk CriticatVatue
Data appear Lognormal at i% Significance Level

UCL
UCL

0.384
0.936

37.81
122.7
67.85

2.'t5
't51.1

39.16
40.6'l

21

1.41

37
121
17
67
67
67

116.1

0.38
724.5

47.9
136.9

,|

1

General Statistica
47
36

Number of Detecied Data
Number of Non-Detect Data

Percent Non-Detec{s

Log-transformed Statistics
Minimum Detecled
Maimum Detected

Mean of Detec{ed
SD of Detected

Minimum Non-Deteci
Maximum Non-Detect

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

9s% H-Star(DU2) UCL

Log ROS Method
Mean in Log S€le

SD in Log Scale
Mean in Original Scale

SD in Original Scale
950/6 t UCL

Nonparametric statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
9s% KM (t) UCL
95% KM (z) UCL

950/6 KM (iackknife) UCL
95% KM (bootstrap t) UCL

95oi6 KM (BCA) UCL

UCL Statistics

37
122.
67

2.111

70.51

Gamma Distribution Test with Detected Valu6 Only
k star (bias cffiected)

Theta Star
nu star

A-D Test Statistic
5% A-D CriticatValue

K-S Test Statistic
5% K-S Criticat Value

Data nol Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statistic using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
9506 Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended method.

Note: Suggestions regarding
These recommendations are

95% Percentile Bootsbap UCL
95% BCA Bootstrap

950/6 H
UCL
UCL

0.345
139

25.5

Data Distribution Test with Detected Values Onty
Data appear Lognormal at S% Significance Level

3.173
0.845
0.845
0.156

95% KM (Percentile Bootstrap) UCL
95% KM

97.5% KM
UCL
UCL

(Chebyshev)
(Chebyshev)

99% KM (Chebyshev) UCL

7.121
78.36
80.26

the selection of 95010 UCL are provided help 95./" UCL.to the user to select the most appropriate
based upon the results of the simulation studies summarized tn Singh, Maichle, and Lee {2006).

0.000001
724.5
37.71

3
122.7
o.157

o
2t27t2014 Page 3 of 5 2127t2014



Rlsk-Based Remedies

RBR Consulting, Inc.

APPENDIX B-5

STATISTICS FOR GROUNDWATER . VAPOR ]NTRUSION . CENTRAL AREA

Glean Harborc Kansas, LLC- Wichita, Kansas
o

o

units in ug/L.

Number of Valid Data
Number of Oistincl Detec{ed Data

Raw Statistics
Minimum Detecled

Maximum Detec{ed
Mean of Detected

SD of Detected
Minimum Non-Detec{

Maximum Non-Detect

Nomal Distribution Test with Detected Values Only
Shapiro Wlk Test Statislic

5% Shapiro Wlk CriticlValue
Data not Normal at 5% Significance Level

Assuming Normal Distribution
DU2 Substitution Melhod

Mean
SD

9s% DL/2 (t) ucL

Maximum Likelihood Estimate(MLE) Method

MLE yields a negative mean

Gamma Distribution Tsst with Detected Valu6 Only
k star (bias mreded)

Theta Star
nu star

A-D Test Statistic
5% A-D CriticalValue

K-S Test Statislic
5% K-S Criti€lValue

Data follow Appr. Gamma Distribution at 50/6 Significance Level

Assuming Gamma Distibution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k slar

Theta star
Nu star

AppChi2

95% Gamma Approimate UCL (Use when n >= 40)

95% Adiusted Gamma UCL (Us when n < 40)

DU2 is not a recommended method.

Number of Detecied Data
Number of Non-Detect Data

Psent Non-Detects

Log-transformed Statistics
Minimum Detected

Maximum Detecied
Mean of Detecled

SD of Detecled
Minimum Non-Detec{

Maximum Nm-Detect

Lognomal Distribution Test with E etected Valu6 Only
ShaPiro Wlk Test Statlstic

5% ShaPiro Wlk Criti€lValue
Data appear Lognomal at 50/6 Significance Level

Assuming Lognomal Distribution
DU2 Substitution Method

Mean
SD

95% l+Stat (D[.r2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% r UCL

95% Percenlile Bmtstrap UCL
95% BCA BootstEp UCL

95% H-UCL

Data Disttibu$on T6t with Detected Values Only
Data Follow Appr. Gamma Distribution at 5% Significance Level

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE dM€n
95% KM (t) UCL
9s% KM (z) UCL

95% KM 0ackknife) UCL
95% KM (bootstraP t) UCL

95% KM (BCA) UCL
95% KM (Percentile BootstraP) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

a

Geneml Statistics
47
u

0.35
219.5
20.47
43.08

'l
,|

UCL Statistics

0.934
0.5

15.37
38.07
24.69

0.456
44.9

31.91

1.324
0.817
0.817
0.158

0.000m1
219.5
15.24

2.3
38.12
0.158

96.7

N/A

7.1

32.43

15.41

41.1

25.41

24.

24.

1

37

27

Note: Suggestions regarding the selection of a 95% UcL are provided to help tha user to select the most appropriate 95% UcL'

These recommendations are based upon the r*ults of the simulation studies summarized in Singh, Maichle, and Lee (2006)'

the
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o
Rlsk-Based Remedies

RBR Consulting, Inc.

APPENDIX B-5
STAT]STICS FOR GROUNDWATER . VAPOR INTRUSION - CENTRAL AREA

Clean Harbors Kansas, LLC- Wichita, Kansas

o

o

chloride
units in ug/L.

Number of Valid Data
Number of Distinct Detecled Data

Raw Statistics
Minimum Detecled

Mnimum Detected
Mean of Detecled

SD of Detected
Minimum Non-Detect

Maximum Non-Detect

Data have multiple DLs - Use of KM Method is recommended
all methods (exept KM, DU2, and ROS Methods),

< Largest ND are treated as NDs

Nomal Distribution Test with Detected Values Only
Shapiro Wtk Test Statistic

5% Shapiro Wlk Crili€lValue
Data not Normal at 5% Significance Level

Assuming Nomal Distribution
DU2 Substitution Method

Mean
SD

95% DU2 (r) UCL

Maimum Likelihood Estimate(MlE) Method
MLE yields a negative mean

Gamma Dist.ibution Test with Detected Values Onty
k star (bias conected)

Theta Star
nu star

A-D Test Statistic
5% A-O Criti€t Vatue

K-S Test Statistic
5% K-S Critic€tVatue

Data not Gamma Distributed at Solo Significance Level

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SO
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use whgl n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

o.416
39.39
4317

Data Distribution Test with Deteted Values Onty
Data appear Lognomal at 5% Signiticance Level

o.797
o.777
o.777
o.241

Number of Detected Data
Number of Non-Detect Data

Percent Non-Detects

Log-transfomed Statistics
Minimum Detecied

Maximum Detected
Mean of Detected

SD of Detected
Minimum Non-Detecl

Maimum Non-Deted

Number treated as Nm-Delecl
Number heated as Detected

Single DL NorDeteci Perentage

Lognomal Distribution Test wilh Detected Values Only
Shapiro Vvilk Test Statistic

5% Shapiro \ flk Criti€t Vatue
Data appear Lognomal at 5% Significance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

95% Ft-Stat (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original S€te

SD in Originat S€te
95% t UCL

95% Percentile BootstEp UCL
950/6 BCA BootstEp UCL

95% H-UCL

Nonparametric Statisti6
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95% KM (r) UCL
95% KM (z) UCL

95% KM (iackknife) UCL
95% KM (bootstap 0 UCL

95% KM (BCA) UCL
95% KM (Percentile Bootstrap) UCL

950/6 KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

to the user to select the most appropriate 950to UCL.

General Statisti6
47
10

0.45
10.2

16.38
31.29

1

5

UCL Statistics

74.

0.56
o.442

3.921
15.31
7.67

-0.
1.

N/A

7
8.
11

15.

7

7.7A1
170.000001

102
4.5.t9

0.00@01
15.43

0.0958
47.15

14.

27

12.22
'12.63

Note: DU2 is not a recommended method.

Note: Suggestions regarding the selection of 950/o UCL are provided helpa
These rsommendations are based upon the results of the simulation studies summarized tn Singh, Maichle, (2006).and Lee

For user
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Risk-Based Remedlies

RBR Consulting' Inc.

APPENDIX 86
STANSNCS FOR GROUNDWATER -VAPOR INTRUSION - EASTERN AREA

Clean Harbors Kansas, LLC' Wichita, Kansas
o

o

o

units in ug/L.

Number of Valid Data

Number of Distinct Detected Dda

Raw Statistics
Minimum Detec{ed
Maximum Detec{ed

Mean of Detecied
SD of Detecled

Minimum Non-Deteci
Maximum Noft'Detect

Normal Oistribution Test with Detected Values Only
shapiro wilk Test Statistic

5% ShaPiro VMlk CriticalValue

Data not Normal at 5% Signilicance Level

Assuming Normal Distribution
DU2 Substitution Method

Mean
SD

9s% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method

ilLE yields a negative mean

Gamma Distribution Test with t etected Values Only
k star (bias conecied)

Theta Star
nu star

A-O Test Statistic
5% A-D CriticalValue

K-S Test Statistic
5% K-S CriticalValue

Dat3 not Gamma Distributed at syo Significance Level

Assuming Gamma Distribution
Gamma ROS Stdistics using Extrapolded Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2

95% Gamma APproximate UCL (Use when n >= 40)

95olo Ad.iusted Gamma UCL (Use when n < 40)

Note: DU2 is not a recommended method.

additional

Number of Detecled Data

Number of Non-Deteci Data
Percent Non-Detects

Log-transformed Statistics
Minimum Detecled

Maximum Detected
Mean of Detec{ed

SD of Detec{ed
Minimum Non-Detecl

Maximum Non-Detecl

Lognormal Oistdbution Test with Detected Values Only
ShaPiro \Mlk Test Statistic

5% Shapiro Wilk CriticalValue

Data not Lognormal at 5% Significance Level

Assuming Lognormal Distrlbution
DU2 Substitution Method

Mean
SD

95% H-Stat(DU2)UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% r UCL

95% Percentile Bootstrap UCL

95% BCA BootstraP UCL
95% H-UCL

Data Distrlbution Test with Detected Values Only
Oata do not lollow a Discemable Distribution (0.05)

Nonparametric Statistlcs
Kaplan-.Meier (KM) Method

Mean
SD

SE of Mean
95% KM (t) UCL

95o/o KM (z) UCL
95% KM (jackknife) UCL

95% KM (bootstrap t) UCL
9s% KM (BCA) UCL

95% KM (Percentile BootstraP) UCL

95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UcL
99% KM (Chebyshev) UCL

General Statistics
35
14

0.73
108

1?.aa
29.78

1

1

UCL Statlstlcs

0 458
0.874

5.453
19.41

11

N/A

o.4't2
31.25
11.54

0.000001
108

5.1 53
0.000001

19.49
0.0988

52.13
6.91
2.

16.
17.8

want to

21

1.1

1.4

0_

-o.

5.451

11

2.358

o.243

0.8
0.8

11

8.01

11

11

11

1't

1'l

Note: Suggestions regerding the selection of a 95% UCL are provided to help the user to select the most aPpropriate 95% UCL'

These reiommendations are based upon the results o, the simulation studies summarized in Singh, Maichle, and Lee (2006)'
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o

o

Risk-Based Remediies

RBR Consulting, Inc.

APPENDIX B4
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION - EASTERN AREA

Clean Harborc Kansas, LLC- Wichita, Kansas

o

units in ug/L.

Number of Valid Data
Number of Distinct Detected Data

Raw Statistics
Minimum Detected
Maximum Detected

Mean of Detected
SO of Detected

Minimum Non-Detect
Maximum Non-Detect

Data have multiple DLs - Use of KM Method is recommended
all methods (except KM, DU2, and ROS Methods),

< Largest ND are treated as NDs

Normal Distribution Test with Detected values onty
Shapiro Witk Test Statistic

5% Shapiro Wilk Criticat Vatue
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
DU2 Substitution Method

Mean
SD

95o/o DU2 (t) UCL

Number of Detec{ed Data
Number of Non-Detect Data

Percent Non-Detecls

Log-transformed Staustics
Minimum Detected

Maximum Detecled
Mean of Detecled

SD of Detected
Minimum Non-Detect

Maximum Non-Detecl

Number treated as Non-Detect
Number treated as Detected

Single DL Non-Detect Percentage

Lognormal Distribution Test with Detected Values Only
Shapiro Wilk Test Statistic

5% Shapiro Wlk CriticalValue
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SO

9s% H-Star (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Originat Scale

SD in Original Scale
95o/o t UCL

95% Percentile Bootstrap UCL
95% BCA Bootstrap UCL

95% H-UCL

Oata Distribution Test with Detected Values Only
Data appear Normal at 5% Significance Level

Nonparametric Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
9s% KM O UCL
95% KM (z) UCL

95% KM 0ackknife) UCL
95% KM (bootstrap t) UCL

95% KM (BCA) UCL
95% KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97 .5o/o KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

General Statistics
35

3

91

0.99
43.1

15.86
23.62

1

5

-0.0101
3.

97

Warning: There are only 3 Distinct Detected Va,ues in this data set
The number of detected data may nol be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a'N/A. value on your output display!
It is necessary to have 4 or more Distinct Values for bootstrap methods.

However, results obtained using 4 to 9 distinct values may not be reliable.
It is recommended to have 10 to 15 or more observations for accurate and meaningtul results and estimates.

UCL Statistics

0.79s
o.767

1.874
7.199
3.932

0.

Maximum Likelihood Estimate(MLE) Method
MLE method failed to converge properly

N/A

Gamma Distribution Test with Detected Values Only
k star (bias conected)

Theta Star
nu star

A-D Test Statistic
5olo A-D Critical Value

K-S Test Statistic
5% K-S Critical Value

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
DU2 is not a recommended method.

Note: Suggestions regarding the selection ot a 950/o UCL are provided he,p
These rccommendations are based uPon the resu lts of simu studies

N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
NiA
N/A
N/A
N/A
N/A

lationthe Maichle,Singh,summarized (2006).Lee

NiA

-0.1
1.31

7.1

6.431

'16.

43.1
43.1

11

16.

7
1

the user to select the most appropriate 95% UCL.
n and

Appx B€ Eastem Area - GWV| Stats Page 2 of 5 2127t2014



Risk-Based Remediies

RBR Consulting, Inc.

APPENDIX 86
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION . EASTERN AREA

Clean Harbors Kansas, LLC- Wichita, Kansas
o

o

O

unlts in ug/L.

Number of Valid Data
Number of Distincl Detected Data

Raw Staustics
Minimum Detec{ed
Maximum Detecled

Mean of Detecled
SD of Detecled

Minimum Non-Oetect
Maximum Non-Detect

Normal Olstribution Test with Detected Values Only
ShaPiro VMlk Test Statistic

5olo ShaPiro Wilk Critical Value
Data not Nonnal at 5olo Significance Level

Assuming Normal Distribution
DU2 Substitution Method

Mean
SD

9s% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method

MLE yields a negative mean

Gamma Distribution Test with Detected Values Only
k star (bias conected)

Theta Star
nu star

A-D Test Statistic
5% A-D Critical Value

K-S Test Statistic
5% K-S Critical Value

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Oistribution
Gamma ROS Statistics using ExtraPolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

DU2 is not a recommended method.

Number of Deteded Oata
Number of Non-Detect Data

Perent Non-Detecls

Log-transformed Statistics
Minimum Detec{ed
Maximum Detecied

Mean of Detected
SD of Detected

Minimum Non-Detecl
Maximum Non-Detect

Lognormal Distribution Test with Detected Values Only
Shapiro Wlk Test Statistic

sslo Shapiro Wilk Critical Value

Date not Lognormal at 5% Significance Level

Assuming Lognormal Dlstdbution
DU2 Substitution Method

Mean
SD

95% H-Stat (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% t UCL

95% Percentile Bootstrap UCL
95% BCA BootstraP UCL

95o/o H-UCL

Data Distdbution Test with E etectod Values Only
Data do not follow a Dlscemable Distribution (0.05)

Nonparametrlc Statistics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95% KM (t) UCL
95% KM (z) UCL

95% KM (iackknife) UCL
95% KM (bootstraP 0 UCL

95o/o KM (BCA) UCL
95o/o KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

General Statistlcs
35
21

UCL Statistics

0.6
281

25.38
71.6',1

1

1

-0.51 1

17

16.

16.91
57

33_

37.71

0.373
0.9'14 0.91

16.85
58.83
33.66

N/A

o.u2
74.28
15.7',|

3.80'l
0.836
0.836
0.195

0.q)o001
281

16.68
't.4

58.88
0.1 28
130.1

3.31

47.53

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These rJiommendalions are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006)-
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o
Risk-Based Remediies

RBR Consulting, Inc.

APPENDIX 86
STATISTICS FOR GROUNDWATER - VAPOR INTRUSION - EASTERN AREA

Clean Harbons Kansas, LLC- Wichita, Kansas

o

o

units in ugrL.

Number of Valid Data
Number of Distincl Detected Data

Raw Staustics
Minimum Detecled

Maximum Detected
Mean of Detected

SD of Detec{ed
Minimum Non-Detect

Maximum Non-Detect

Normal Distrlbuuon Test with Detected Values Only
Shapiro Witk Test Statistic

5olo Shapiro Wilk Critical Value
Data not Normal at 5olo Significance Level

Assumlng Normal Distrlbution
DU2 Substitution Method

SD
95% DU2 (r) UCL

Maximum Likelihood Estimate(MLE) Method
Mean

SD
95olo MLE O UCL

95% MLE Oiku) UCL

Gamma Oistribution Test with Detected Values Only
k star (bias corrected)

Theta Star
nu star

A-D Test Statistic
5% A-D Critical Value

K-S Test Statistic
5% K-S Critical Vatue

Data not camma Distributed at 5% Significance Level

Assuming Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
950/6 Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)
OU2 is not a recommended method.

Number of Detected Data
Number of Non-Detect Data

Percent Non-Detects

Log-transformed Statistics
Minimum Detected

Maximum Detected
Mean of Detecled

SD of Detected
Minimum Non-Detec{

Maximum Non-Oetect

Lognormal Oistribuuon Test with DetecGd Values Only
Shapiro Vvitk Test Statistic

5% Shapiro Witk Criticat Vatue
Data appear Lognormal at 5% Signiticance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

9s% H-Stat (DL/2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
957o t UCL

95% Percentile Bootstrap UCL
957o BCA Bootstrap UCL

95% H UCL

Oata Dlstributlon Test with Detected Values Only
Data appear Lognormal at 5% Significance Level

Non parametric Statlstics
Kaplan-Meier (KM) Method

Mean
SD

SE of Mean
95% KM (t) UCL

957o KM (z) UCL
95% KM (jackknife) UCL

9570 KM (bootstrap t) UCL
9s% KM (BCA) UCL

95% KM (Percentite Bootstrap) UCL
95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL
99% KM (Chebyshev) UCL

General Staustics
35
31

0.49
110

19.24
29.85

1

1

UCL Statistics

0.668
0_93

17.63
28.99
25.92

11.4
35.18
21.45
21.62

0.491
39.15
31.45

1.384
0.809
0.809
0.164

-o.71

4.

57

1.54

1.741

27

17

1

17

0.000001
110

17.59
4.1

29.O2

o.278\
63.32

25.

27

32.
33.76

Note: Suggestions regarding the selection 950/o UCL are provided help the user to select the most approprlate 95% UCL.of a to
These recommendations ate based upon the results the simulation studies sum marized Si ngh, Maichle, Lee (2006).of tn and

addltional want to
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chloride
units in ug/L.

Number of Valid Data

Number of Distinct Detected Data

Raw Statlstics
Minimum Detected
Maximum Detected

Mean of Detected
SD of Detected

Minimum Non-Detecl
Maximum Non-Detect

Data have multiple DLs - Use ot KM Method is recommended

all methods (except KM, gU2, and ROS Methods),
< Largest ND are treated as NDs

Normal Distribution Test wlth Detected Values Only
ShaPiro vMlk Tesl Statistic

5olo ShaPiro \Mlk CriticalValue

Data not Normal at 5% Significance Level

Assumlng Normal Dlstribution
DU2 Substitution Method

Mean
SD

9s% ou2 (0 ucL

Maximum Likelihood Estimate(MLE) Method

MLE method failed to conYerge properly

Gamma Distribution Test with Detected Values Only
k star (bias conected)

Theta Star
nu star

Assumlng Gamma Distribution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

ApPChi2

95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted Gamma UCL (Use when n < 40)

DU2 is nota recommended method.

Note: Suggestions regarding the selection of a 950/o UCL are

These recommendations are based upon the results of the simulation stud
For the user

A-D Test Statistic 0.561

5% A-O CriticalValue 0.755
K-S Test Statistic 0.755

5% K-S CriticalValue 0.252

Data appear Gamma Distributed at 5% Significance Level

Number of Detected Data

Number of Non-Detect Data
Perc€nt Non-Detects

Log-transformed Statistics
Minimum Detec{ed
Maximum Detected

Mean of Detected
SD of Detec-ted

Minimum Non-Oetect
Milimum Non-Detect

Number treated as Non-Detect
Number lreated as Detec{ed

Single DL Non-Detect Percentage

Lognormal Disfibution Test with DetecGd Values Only
ShaPiro Wlk Test Statistic

5% ShaPiro \Mlk CriticalValue
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SO

95% H-Stat(DU2)UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% t UCL

95% Percentile BootstraP UCL

95% BCA BootstraP UCL
95% H-UCL

Data Dlstribution Test with Detected Values Only
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistlcs
Kaplan-Meier (KM) Melhod

Mean
SD

SE of Mean
95o/" KM $ UCL
95% KM (z) UCL

950/6 KM (iackknife) UCL

95% KM (bootstrap t) UCL
95% KM (BCA) UCL

95o/o KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL

97.5% KM (Chebyshev) UCL

99o/o KM (ChebYshev) UCL

help to select the most appropriate 95% UCL.provided to the user
tes summarized in Singh, Maichle, and Lee (2006).

statistician,

General Statistics
35
12

65.

0.55
14.2

2.981
3.846

,|

5

UGL Statistics

0.66
0.859

1.408
2.4'.96

2.',121

N/A

5.

0.859
3.47

20_62

0.000001
14.2

1.573 
'

0.854
2.555
0.1 83
8.605

-o.'l

1.471

2.1

2.21

4.1
5.

0.431
2.
2.
2.

3.497
3.639

Rlsk-Based Remediies

RBR Consulting, Inc.

APPENDIX 86
STATISTICS FOR GROUNDWATER -VAPOR INTRUSION - EASTERN AREA

Clean Harbors Kansas, LLC- Wichita' Kansas

o

o

o
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o
RBR Coasulting, Inc.

APPENDIX B-7

- STATISTICS FOR SEDIMENI
Clean Harbors Kansas, LLC- Wichita, Kansas

o

Benzo(a)pyrcne
units mg/kg.

Number of valid Data
Number of Distincl Detected Data

Raw Statistlcs
Minimum Detected

Maximum Detected
Mean of Detected

SD of Detected
Minimum Non-Detect

Maximum Non-Deted

Data have multiple DLs - Use of KM Method is recommended
all methods (except KM, ou2, and ROS Methods),

Largest ND are treated NDs

General Statistics
11

2

0.0368
0.0611
0.0489
o.o172

0.19
0.21

0.0916
o.o22
0.104

N/A

Number of Detecled Data
Number of Non-Detect Data

Percent Non-Detecls

Log-transrormed Statistlcs
Minimum Detecled

Maximum Detected
Mean of Detected

SD of Detecied
Minimum Non-Detect

Maximum Non-Detect

Number treated as Non-Detect
Number treated as Detecled

Single DL Non-Detect Percentage

Assuming Lognormal Distribution
DU2 Substitution Method

Mean
SD

95% H-Srar (DU2) UCL

Log ROS Method
Mean in Log Scale

SD in Log Scale
Mean in Original Scale

SD in Original Scale
95% t UCL

95% percentile Bootstrap UCL
95% BCA Bootstrap UCL

95% H-UCL

Oata Distribution Test with Detected Values Only
Oata do not follow a Discemable Distribution (O.OS)

Kaplan-Meier (KM) Method
Mean

SD
SE of Mean

95% KM (r) UCL
95% KM (z) UCL

95% KM (,ackknife) UCL
95% KM (bootstrap t) UCL

95% KM (BCA) UCL
95% KM (Percentile Bootstrap) UCL

95% KM (Chebyshev) UCL
97.5% KM (Chebyshev) UCL

99% KM (Chebyshev) UCL

81

-2.

- 1.661
-1.561

11

Normal Distribution Test with Detected Vatues Only
Shapiro Wlk Test Statistic

5% Shapiro Wlk CriticalVatue
Data not Normal at 5% Significance Level

Assuming Normal Distribution
DU2 Substitution Method

Mean
SD

95% DU2 (t) UCL

Maximum Likelihood Estimate(MLE) Method
MLE method failed to converge properly

Warning: Data set has only 2 Distinct Detected Values.
This may not be adequate enough to compute meaningful and reliable test statistics and estimates,

The Project Team mav decide to use alternative site specific values to estimate environmental parameters (e.s- EpC, grvl.
Unless Data Qualitv objectives (DQos) have been met, it is suggested to collect ad;ltional observati6ns.

The number of detected d€ta may not be adequate enough to perfoim cOF tests, loorc1rap, and RoS methods.
Those methods will return a ,NlA'value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.
However, results obtained using 4 to 9 distinct values may not be reliable.

It is rccommended to have 10 to 15 or more observations for accurate and meantngfui results and estimates.

UCL Statistics
Lognormal Distribution Test wlth Detected Values Only

Shapiro Witk Test Statistic
5% Shapiro Wlk Crilical Vatue

Data not Loqnormal at 5% Significance Level

Gamma Distribution Test with DeGcted Values Only
k star (bias conec{ed)

Theta star
nu star

A-D Test Statistic
5% A-D Critical Value

K-S Test Statistic
5% K-S Critical Value

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Oistdbution
Gamma ROS Statistics using Extrapolated Data

Minimum
Maximum

Mean
Median

SD
k star

Theta star
Nu star

AppChi2
95% Gamma Approximate UCL (Use when n >= 40)

95% Adjusted camma UCL (Use when n < 40)
Warning: Recommended UCL exceeds the maximum observation

Note: DU2 is not a recommended method.

N/A
N/A

0.1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A

N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

the

0.01
0.01

N/A
N/A
N/A
0.1
0.1

0.1

Note: Suggestions regarding the selection of a 95% UCL are provided help the the most appropriate s5% UCL.to user select
These recommendations are based upon the results of simulation studies sum marized Singh, and (2005).rn Maichle, Leeo

Appx B7 Sediment Stats Page 1 of 3 2127t2014
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APPENDIX 8.7
STATISTICS FOR SEDIMENT .-'.

Clean Harbors Kansas, LLC- Wichita, Kanias
o

o

o

units mg/kg.

Number of Valid Observations 1'l

Raw Statistics
Minimum 2.3
Maximum 13.4

Mean 6

Geometric Mean 5.3'19

Median 5.8
sD 3.178

Std. Enor of Mean 0.958

Coefiicient of Variation 0.53
Skewness 1.24

Normal Distribution Test
Shapiro Wlk Test Statistic 0.91 1

Shapiro Wlk Critical Value 0.85

Data appear Normal at 5% Slgnificance Level

Assuming Normal Distribution
95% Student's-t UCL 7 -737

95% UCLS (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 7.959

95% Moditied{ UCL (Johnson-1978) 7.796

Gamma Distrlbution Test
k star (bias conec{ed) 3.1 93

Theta Star 1.879

MLE of Mean 6
MLE of Standard Deviation 3.358

nu star 70.25

Approximate Chi Square Value (.05) 51.95

Adjusted Level of Signmcance 0'0278
Adjusted Chi Square Value 49.4

Anderson-Darling Tesl Statistic 0.153
Anderson-Darling 5% Critical Value 0.732
Kolmogorov-Smimov Test Statistic 0.1 1 1

Kolmogorov-smimov 5% Critical Value 0.256

Data appear Gamma Oistributed at 5olo Significance Level

General Statistics

Relevant UCL Statistics

Number of Distinc{ Observations 11

Log-transformed Statlstics
Minimum of Log Data 0.833

Maximum of Log Data 2.595
Mean of log Data 1'671

SO of log Data 0.516

Lognormal Distributlon Test
Shapiro Wlk Test Statistic 0.988
Shapiro Wlk CriticalValue 0.85

Data appear Lognormal at 5% Signiflcance Level

Assuming Lognormal Distribution
95% H-UCL 8.701

95% Chebyshev (MVUE) UCL 10.16

97.5% Chebyshev (MVUE) UCL 1 1.96

99% Chebyshev (MVUE) UCL 15.49

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistic-s
95o/o CLT UCL 7.576

95% Jackknife UCL 7.737
957o Standard Bootstrap UCL 7.46

95% BootstraPt UCL 8.384
95% Hall's BootstraP UCL 9.194

95% Percentile BootstraP UCL 7.573
95% BCA BootstraP UCL 7.9

95% Chebyshev(Mean, Sd) UCL 10.18

97.5% Chebyshev(Mean, Sd) UCL I 1.98

99% Chebyshev(Mean, Sd) UCL '15.53
Assumlng Gamma Distribution

95% Approximate Gamma UCL (Use wtlen n >= 40) 8.113

95% Adjusted Gamma UCL (Use when n < 40) 8.533

UC95% L.touser theselect mostto the appropriateselectionthe aof UCL help950/"Note: providedSuggestions regarding
and lacisummarizedstudies in (2002)resultsthe theof imulation Singh, Singh,sbasedarerecommendations uponThese

aconsultthe

Appx B-7 Sediment Stats Page 2 of 3 212712014
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APPENDIX B-7
STATISTICS FOR SEDIMENI

Clean Harborc Kansas, LLC- Wichita, Kansas

o

units mg/kg.

General Statistics
Number of Valid Observations 1 1

Raw Statlstics

Number of Dislinct Observations 11

Minimum 5.3
Maximum 3320

Log-transformed Statistlcs
Minimum of Log Data 1.668

Maximum of Log Data 8.109
Mean of log Dala 3.145

SD of log Oata.t.g44
Median 12.3

sD 994.5
Std. EnorofMean 299.9

Coemcient of Variation 3.078
Skewness 3.309

Relevant UCL Statistics
Normal Distribution Test

Shapiro Witk Test Statistic 0.365
Shapiro Wtk Criticat Vatue 0.8S

Data not Nomal at 5% Significance Level

Lognormal Distribution Test
Shapim Witk Test Statistic 0.696
Shapiro Wilk Criticat Vatue O.85

Data not Lognormal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 866.6

95% UCLS (Adjusted for Skewness)
95% Adjusted-ClT UCL (Chen-i995) .l 136
95o/o Modified-t UCL (Johnson-l978) 916.5

Assuming Lognormal Dlstribution
95o/o H-UCL 2084

95% Chebyshev (MWE) UCL 333.8
97.5% Chebyshev (MVUE) UCL 43S

99o/o Chebyshev (MVUE) UCL 642.6

Gamma Dlstributon Test
k star (bias correc{ed) 0.2Ss

Theta Star 1269
MLE of Mean 323.1

MLE of Standard Deviation 640.3
nu star 5.604

Approximate Chi Square Vatue (.05) 1.44i
Adjusled Level of Signmcance 0.0278

Adjusted Chi Squarevatue 1.121

Data Distribution
Data do not follow a Discemable Distribution (0.05)

NonpaFametric Statistics

Anderson-Darling Test Statistic 2.505
Anderson-Darling 5% Critical Value 0.833
Kolmogorov-Smimov Test Statistic 0.451

Kolmogorov-Smimov 5olo Critical Value 0.278
Date not Gamma Distributed at 5% Significance Level

95% CLT UCL 816.4
95% Jackknife ucL 866.6

950/6 Standard Bootstrap UCL 786.5
95% Bootstratrt UCL 68233

95% Hail's Bootstrap UCL 19921
95o/o Percentile Bootstrap UCL 914.6

95% BCA Bootstrapu0L 1225
95% Chebyshev(Mean, Sd) UCL 1630

97.5% Chebyshev(Mean, Sd) UCL 2196
99% Chebyshev(Mean, Sd) UCL 3307

Assuming Gamma Distribution
95o/o Approximale camma UCL (Use when n >= 40) 1257

95% Adjusted Gamma UCL (Use when n < 40) 1607

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL 3307

Note: Suggestions regarding the selection of a 950/o UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the s imulation studies summarized rn Singh, Singh, and laci l?0021and For user a

Appx E7 Sediment Stats Page 3 of 3 2127t2014
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APPENDIX G

Calculation of Transport Factors Used to Estimate lndoor Air Concentrations

This appendix presents the methodology for calculating transport factors that are used to convert soil gas

concentrations to concentrations in indoor air. lt should be noted that soil gas samples were collected in

the vicinity of Building E in the Central Area of the site. However, none of the constituents detected in

these two soil gas samples warranted further evaluation. Alternatively, groundwater data from all three

areas of the site (the Westem Area, the Central Area, and the Eastern Area) were compared to vapor

intrusion screening levels. The COI consist of 1,1-dichloroethane, ethylbenzene, tetrachloroethene,

trichloroethene and vinyl chloride. The potential for vapor intrusion from groundwater to indoor air was

evaluated for a current or future non-residential land use scenario in the three onsite areas. ln this

appendix, transport factors are calculated to estimate concentrations of COI in indoor air of currenVfuture

onsite buildings.

Transoort Factor for lndoor Air

The concentration of a constituent in indoor air (Ci") is proportional to the concentration of the constituent

in the pore space in soil (i.e., soil gas concentration or C"s) beneath the building. The following equation is

used to calculate Cia from Css:

Crr=C"sXTF

= concentration of constituent in indoor air (mg/m3);

= concentration of constituent in soil gas (mg/m3); and

= transport factor from soil gas to indoor air.

The transport factor (TF) is an infinite source attenuation coefficient, and can be calculated based on a

model developed by Johnson and Ettinger (1991). The equation for calculating TF is as follows:

(D"r x Ae)/(Qa x Lr) x exp[(Qsoir x Loa*)/(Dract x Acm*)]

o

o

where:

Ci"

C"s

TF

exp[(Qsoir xLoacr<)/(Dmcr<xAm*)] +(DerxAe)/(QexLr)+(DerxAe)/(Qsoir xLr)x(exp[(Qsoir xLm*)/(DmcixA*ci)] -1)

Der = effective diffusion coefficient for vadose zone soil (cm2/sec);

= areaof enclosed space below grade (cm2);

1

where:

Ae o



o
Risk-Based Remedies
RBR Consulting, Inc.

= building ventilation rate (cm3/sec);

= distance from contaminant source to building foundation (cm);

= volumetric flow rate of soil gas into building (cm3/sec);

= foundation thickness (cm);

= vapor diffusion coefficient through crack (cm2lsec); and

= area of cracks through which vapors can pass (cm2).

Qe

Lr

Qsoil

Lcract

Dcract<

Acrack

o

To solve this equation, the USEPA's "GW-ADV" spreadsheet (Version 3.1, most recenly updated in
February 2004) was implemented. A combination of site-specific factors and default values from the
Useds Guide for Ev?luatinq Subsurface Vapor lntrusion lnto Buildinqs (USEPA, 2004) were used as input
values in the models.

The input values are defined below and presented in Tables c-1-A through c-14-A.

The groundwater source concentration for each COI (CW) in each area of the site is the EpC (in
units of ug/L) for each constituent as presented in Tables 3-7 through 3-9 of the report.

The average system temperature (Ts) is set to 13.9'C, the average value for Kansas as
estimated from Figure 8 of the vapor intrusion user's guide (USEpA, 2oo4).

The depth below grade to the bottom of the enclosed space floor (Lr) is set to 15 cm, the default
value provided by USEPA (2004). The assumption of a slab-on-grade foundation was selected as
opposed to a basement foundation, because it is more conservative (i.e., the overall building
volume is less).

The depth below grade to the water table (Lwr) is set to 366 cm (12 feet). This value corresponds
to the minimum depth to groundwater (as measured at the soil/groundwater interface during 2013
field investigations).

Based on site boring logs and the description of shallow subsurface soil from the RCRA Facility
lnvestigation Report (Cameron-Cole, 2005), the unsaturated soils are predominanly "gravelly

clay and silt". This soil type is not specifically designated in the USEPA (ZOO4) vapor model;
however, its characteristics are similar to those of clay loam (CL). Accordingly, the following soil
properties are used in the vapor intrusion modeling [based on USEPA (2004) default values for
clay loaml: the total porosity (n) is 0.442 cm3-HzO/cm3-soil and the water-filled porosity (n*) is 0.16g
cm3-Hzo/cm3-soil. The resulting air-filled porosity (na) is 0.274cm3-airlcm3-soil.

a

a

a

a

o
2
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The floor thickness (L",,"r) is set to the USEPA (2004) default value of 10 cm'

The soil-buitding pressure differential (AP) is set to the USEPA (2004) default value of 40 g/cm-s2

The building dimensions are set to the USEPA (2004) default dimensions, namely 1000 cm

tength by 1000 cm width by 244 cm height (a single-story slab on grade building approximately

33, x 33, x 8'). The default dimensions were used to be conservative for a possible future building

scenario.

The floor-wall seam crack width (w) is set to the USEPA (2004) default value of 0.1 cm.

An indoor air exchange rate (ER) of 0.83/hour is recommended for commercial and industrial

buildings, based on ASTM (2002) guidance.

Tables C-1-B through C-14-B present the constituent-specific properties for COI that were used in the TF

calculations. Tables c-1-c through c-14-C present the intermediate calculations used to determine the

indoor air attenuation coefficients (i.e., the transport factors). The shaded boxes in Tables C-1-C through

C-14-C also present the resulting TF values that are applied to the concentrations of COI in soil gas, and

the estimated indoor air concentrations.
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American Society for Testing and Materials (ASTM; 2002) Standard Guide for Risk-Based Corrective Action

Applied it petroteum Release Sites. ASTM E-1739-95 (Reapproved 2OO2).
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revised on January 20,2005.
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